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PREFACE 

TO 

THE SECOND EDITION. 


TN this new eamon, besides correcting several errors, 
I have . endeavoured to give an account of' the pro- 
duction of the chief imining States in the world, .up to 
the latest dates T' could collect. Unfortunately it is 
extremely .difficult to obtain good information on all 
points; no 'official report., ... for .instance, ..on ..mines and 
mining East of the Eocky kiountains, . having,- ’.been 
published in the United . States , for . several •years..'.p!ast. 
I must, therefore, beg the reader’s indulgence, should 
he find some data omitted which it might interest him 
to know. 


Salon Viela, LuDwiosutiBa ; 
May 10 , 1875 . 


Dr. Hartwig. 



PEEFACE 

10 

THE FIEST EDITION. 


l^ATUEE displays her wonders not only in the 
starry heavens or in the boundless variety of 
animal and vegetable life on the surface of our earth. 
The dark regions underground likewise contain much 
that is remarkable or beautiful, and are the seats oi 
gigantic operations, which are sometimes beneficent and 
sometimes disastrous to mankind. 

Here lie concealed the mysterious laboratories of 
fire, which reveal to us their existence in' earthquakes 
and volcanic explosions. Here, too, in successive strata, 
repose the remains of extinct animals and plants. 
Here may be seen many a wonderful cavern, with its 
fantastic stalactites, its rushing waters, and its noble 
halls. Here have been deposited the rich stores of 
mineral wealth — the metals, the coals, the salt, the 
sulphur — ^without whose aid man would never have been 
more than a savage. 

The aim of the present work has been to describe the 
wonders,of this hidden world in their various relations 



Viii PREFACE TO THE FIRST EDITION. 

to man, and to point ou-t the methods he employs to 
make its treasures subservient to his wants. 

The author trusts that he may have succeeded in 
giving a sketch of the phenomena resulting from the 
action of subterranean forces, which, with his accotmt 
of the wonders of the sea, of the tropics, and of the 
frozen regions, may impart to the reader a fair idea of 
the history and present condition of the wonderful 
world in which we live. 


Saiu)k VnxA, Ltowigsbubs: 
10 , 1872 . 


Dr. Hartwig. 
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GEOTiOGIOAL BEVOLUTIONS. 

The Eternal Strife between Water and Eire — Strata of Aqueous Origin — Tabular 
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Fossils — -Uninterrupted Succession of Organic Life. 

in EOLOGT toadies us that, from times of the remoteness 
vX of which the human mind can form no conception, the 
surface of the earth has been the scene of perpetual change, 
resulting from the action and counter-action of two mighty 
agents — water and subterranean heat. 

Ever since the first separation between the dry land and 
the sea took place, the breakers of a turbulent ocean, the 
tides and currents, the torrents and -rivers, the expansive 
power of ice, which is able to split the hardest rock, and the 
grinding force of the glacier, have been constantly wearing 
away the coasts and the mountains, and transporting the 
spoils of continents and islands from a higher to a lower 
level. 

During onr short historical period of three or four thou- 
sand years, the waters, in spite of their restless activity and 
the considerable local changes effected by their means, have 
indeed produced no marked alteration in the great outlines 
of the sea and land ; but when we consider that their in- 
fluence has extended over countless ages, we can no longer 
wonder at the enormous thickness of the stratified rocks of 
aqueous origin which, superposed one above the other in 
successiT^ layers, constitute by far the greater part of the 
earth-rind. 

Our knowledge of these sedimentary formations is indeed 
as yet bjat incomplete, for large portions of the surface of 
the globe have never yet been scientifically explored ^ but a 

B 
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careful examination and comparison of the various strata 
composing the rocky foundations of numerous countries, have 
already enabled the geologist to classify them into the 
following chronological systems or groups, arranged in aii 
ascending series, or beginning with the oldest. 

1* Laurentian, named from its discovery northward of the 
River St. Lawrence in Canada. 

2 Cambrian 1 three groups owe their name to their 

$ Silurian i occurrence in Wales and Devonshire, 
-TV . I where they were first scientifically ex- 
J plored. 

5. Carboniferous. In this group the most important coal- 
fields are fonnd. 

6. Permian, from the Russian province of Permia. 

7. Triassie. 

8. Lias. 

9. Oolite. 

10. Cretaceous. 

11. Tertiary; subdivided into Eocene, Miocene, and Plio- 
cene. 

12. Recent marine and lacustrine strata. 

Each of these systems consists again of numerous sections 
and alternate layers, sometimes of marine, sometimes of 
freshwater formation, the mere naming of which would fill 
several pages. ^ 

When we reflect that the Laurentian system alone has a 
^thickness of 30,000 feet ; that many of the numerous sub- 
divisions of the Triassie or Oolitic group are 600, 800, or 
even several thousand feet thick, and that each of these 
enormous sedimentary formations owes its existence to the 
disintegration of pre-existing mountain masses— we can 
form at least a faint notion of the enormous time which the 
whole system required for its completion. 

_ Had the levelling power of water never met with an antago- 
mstie force, there can be no doubt that the last remains of the 
dry land, supposing it could ever have risen above the ocean 
must long since have been swept into the sea. ^ut while 
water has been constantly tending to reduce the irregularities 
of the earth s surface to one dull level, the expansive force 
of subterranean heat has been no less unceasingly active in 
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various species of stone wliiclx geologists include under the 
name of metamorphic rocks. 

Besides the more paroxysmal -and violent revolutions 
resulting from the action of subterranean fire, we find that 
the earth-rind has at all times been subject to slow oscillatory 
movements of upheaval and subsidence, frequently alternating 
on the same spot with long periods of rest. The greater part of 
the actual dry land has been deep sea, and then again land 
and ocean many times in succession; and doubtless the actual 
sea bottom would exhibit similar alternations were we able to 
explore it. The same materials have repeatedly been ex- 
posed to all these changes — now raised or poured out by 
subterranean fires, and then again swept away by the 
waters; now changed from solid rock into sand and mud, 
and then again converted, by pressure or heat, into solid rock. 
Thus the history of the earth-rind opens to us a vista into 
time no less grand and magnificent than the vista into space 
afforded by the contemplation of the starry heavens. 

The oldest and the newest stratified rocks are composed 
of the same mineral substances ; for clay, sandstone, and 
limestone occur in the Silurian and in the Carboniferous 
formation ; in the Cretaceous and Triassic systems ; in the 
Tertiary and in the Alluvial deposits, which have imme- 
diately preceded the present epoch. 

Where then, it may be asked, does the geologist find a 
chronological guide to lead him through the vast series of 
strata which, in the course of countless ages, have been 
deposited in the water ? How is he able to distinguish the 
boundaries of the various periods of creation ? Where are 
the precise indications which enable him to decipher the 
enigmas which the endless feuds of fire and water have 
written in the annals of our globe? 

The fossil remains of animals and plants wonderfully 
furnish the guidance which he needs. The corals and 
shells, the ferns and conifera, the teeth and bones found in 
the varioM strata of the earth-rind, are the landmarks which 
point out VO him his way through the labyrinth of the primi- 
tive ages of our globe, as the compass directs the mariner 
over the pathless sea. Every leading fossil has its fixed 
chronological charactei’, and thus the age of the formation 
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in which it occurs may be ascertained, and its pl^oe deter- 
mined in the geological scale. It would, howeverj be erx'o- 
neous to suppose that each successive formation has been 
the seat of a totally distinct creation, and that the organic 
remains found in one particular stratum are separated by an 
impassable barrier from those which characterise the pre- 
ceding or following sedimentary dej)Osits. 

As on the surface of the earth or along the shore of the 
sea, each land or each coast has not only its peculiar plants or 
animals, but also harbours many of the organic forms of the 
neighbouring countries or conterminous shores^ as the tropical 
organisations gradually pass into those of the temperate zones, 
and these again merge into those of the polar regions, so also 
the stream of life has from the first flowed uninterruj^tedly, 
in gradually changing forms, through every following age. 
JSfew genera and species have arisen, and others have disap- 
peared, some after a comparatively short duration, others 
after having outlasted several formations ; but every extinct 
form has hut made way for others, and thus each period lias 
not only witnessed the decay of many previously flourishing 
genera and species, but has also marked a jiew creation. 


No doubt the numerous local disturbances above mentioned 
have frequently broken the chain of created beings ; but a 
gradual^ progress, a continuous development from lower to 
more highly organised species, genera, orders, and classes, 
has from the beginning been the general and constant law 
-of organic life. Universal destructions of existing forms 
revolutions covermg the whole surface of the earth with 

mm, have most assuredly never occurred in the annals of 
our globe. 

Nor must it he supposed that the whole scale of sedU 
men ry formations is to be found superimposed in one spot • 
for as in our times new strata are chiefly growinra ^e 
mouths oft vers, or where subm.rme ourrenj deposit It Mo 
bottom of the ocesu the hue mud or sand wUeh is c—od 
Mto the sea h, tte dismtegration of distaut mouataiu ohains 
so also from the heginning each stratum could -fijlv h, ’ 

hoeu deposited iusMar localities; and while 

:rpmS co.o’iS'dLrsi it 

parts of the globe, othem remained oomparutrvelj hut 
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litiie altered, xintil new oscillatory movements produced a 
cliange in tlieir former position, and opening new paths to 
the rolling watei*s, here set bounds to the progress of one 
formation, and thex^e favoured the deposition of another. 

A complete study of all the various transformations by fire 
or water which the surface of our earth has undergone would 
require an elaborate treatise on geology, and lies far beyond 
tlie scope or the pretensions of a popular volume which is 
chiefly devoted to the description of caves and mines. But 
1 should be neglecting some of the most interesting features 
of the subterraiuean world, were I to omit all mention of the 
fossils imbedded in its various strata; of its internal heat; 
of the upheavals and subsidences which have played so con- 
spicuous a part in the history of the earth-rind, and are still 
proceeding at the present day ; of the water percolating or 
flowing beneath the eai’th’s crust, and finally of the volcanoes 
and earthquakes, which prove to us that the ancient sub- 
terranean fires, far from being extinct, are still as powerful 
as ever in remodelling its surface. 
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CHAPTEE II. 


FOSSILS. 

General Renmrlcs — Eozoon Canaclense — Trilobites — Bracliiopods Ptorichl.IiyH 

Milleri — Oldest Reptiles — Wonderful Preservation of Colour in Potn’Botl 
Shells — Primaeral Corals and Sponges — Sea-lilies — Orthocox*aiites aud 
Ammonites — Belemnites — Ichthyosaurus and Plesiosaurus — Pterodactyl i -~-- 
Igiianodon — Tertiary Quadrupeds — Dinotherium — Coloss ocholys Atlas — 
Megatherium — Mylodon — Glyptodon — Mammoth — Mastodon — Si vatlu'riinn 
giganteum — Fossil Ripple-marks, Rain-drops, and Footprints — Harmony luiH 
reigned from the beginning. 


T he fossil remains of plants and animals, wliicli liavo 
successively flourished and passed away since the firnt 
dawn of organic life, occupy a prominent place aixiong the 
wonders of the subterranean world. A medal that has snr- 
yived the ruin of empires is no doubt a valuable relic, but 
it seems to have been struck but yesterday when compared 
with a shell or a leaf that has been buried millions of years 
ago in the drift of the primeval ocean, and now serves the 
geologist as a waymark' through the past epochs of the 
' earth’s history. 


If we examine the condition in which the fossils have 
been preserved in the strata successively deposited on tho 
surface of our globe, we find that in general only parts of 
the original plant or animal have escaped destruction, and 
these fragments also the primitive substance lia,s often 
^en replaced by other materials, so that only their form or 
eir impression has triumphed over time. While soft and 
delicate textures have either been utterly swept away or could 
only he preserved under the rarest ircuafstance^ fL for 
instance, the insects and flowers inclosed in ambev^^ * ^ 

Ot <le,tacKon. Th„ amoBg pl„ts thr^ostT, 
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fruit stones^ leaves ; and, among animals, by corals, shells, 
calcareous crusts, teeth, scales, and bones. But the few 
memorials that have thus survived the lapse of ages enable 
us to form some idea of the multitudes tliat have entirely 
perished^ and the petrified shell of the Ammonite, or the 
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jointed arms of the Encrinite, are proofs of the existence of 
the world of tiny beings which served them for their nour- 
ishment and have been utteiiy swept away. If we consider 
that the number of all the known species of fossil plants 
hardly amount to 3,000, while the Elora'of the present day, 
as far as it has been examined by systematical botanists, 
numbers at least 250,000 species ; that the host of living 
insects is probably still more numerous, although not much 
more than 1,500 extinct species of this class are known to us ; 
and that, finally, the remains of all the extinct crustaceous 
fishes, reptiles, and warm-blooded animals are far outnum- 
bered by the species actually living — we may form some idea 
of the vast multitudes that have left no trace behind, and 
whose total loss will for ever confine within narrow limits our 
knowledge of the past phases of organic creation. This loss 
appears still greater when we consider the enormous extent 
of time during which the fossils known to us have successively 
existed, and that a part only of the comparatively small num- 
ber of the ^ders, genera, and species to which they belong 
existed at one and the same epoch. But as, owing to the 
hard texture and mode of life which are so eminently fiivour- 
able for the preservation of shells, we have been enabled to 
collect about 11,000 fossil species, a number not mucli 
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inferior to that of the molluscs of the present day, we may 
justly conclude that the more perishable forms, of life, of 
which, consequently, fewer vestiges have been preserved, 
were comparatively as numerous, and that ever since the 
first dawn of organic life our earth has borne an immense • 
variety of plants -and animals. 

Though comparatively but few species have been preserved, 
yet sometimes the accumulation of fossil remains is truly 
astonishing. In the carboniferous strata we not seldom find 
more than one hundred beds of coal interstratified with 
sandstones, shales, and limestones, and extending for miles 
and miles in every direction. How luxuriant must have 
been the growth of the forests that could produce masses 
such as these, and what countless multitudes of herbivorous 
insects must have fed upon their foliage or afforded food to 
carnivorous hordes scarcely less numerous than themselves ! 
The remains of corals, encrinites, and shells often form the 
greater part of whole mountain ranges, and, what is still 
more remarkable, mighty strata of limestone or flint are not 
seldom almost entirely composed of the aggregated remains 
of microscopical animals. 

After these remarks on fossils in general, I will now 
briefly point out some of the most striking of the species so 
preserved to us as they successively appeared upon the stage 
of life. 

In the Lower Laurentian Hocks, the most ancient strata 
known, only one fossil has hitherto been found. The Eozoon 
canadense, as it has been called, belonged to the Rhizopods, 
which occupy about the lowest grade in the scale of animal 
existence. Its massive skeletons, composed of innumerable 
cells, would seem to have extended themselves over submarine 
rocks, tbeir base upwards of twelve inches in width and their 
thickness from four to six inches. Such is the antiquity of 
the Bozoon that the distance of time which separated it 
from the Trilobites of the Cambrian formation may be equal 
to the vast period which elapsed between these and the Ter- 
tiary ages. In other words, it is beyond our im«4:iiia-tion to 
conceive. 

In the next following Cambrian formation we find, besides 
some zoophytes and shells, a number of Trilobiljes, which, 
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iioweyer, appear to have been most. abundant in tbe Silurian 
seaS;, where they probably swarmed as abundantly as the 
crabs and shrimps in the waters of. the present age. Few 
fossils are more curious than these strange crustaceans. 
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which so widely differ from their modern relatives. The 
jointed carapace is divided into three lobes, the middle pro- 
minent one forming the axis of the body, while the lateral 
ones were free appendages, under which '’the soft membrana- 
ceous swimming feet were concealed. Large eyes, resembling 
those of a dragon-fly, projected from the odd crescent-shaped 
head, and, being composed of many hundred spherical facets, 
commanded a wide view of the horizon. Provided with such 
complicated organs of vision, the helpless animal could be- 
times perceive the approaching enemy, or more easily espy 
its prey, consisting, most likely, of the smaller marine anne- 
lides or molluscs. From the structure of these remarkable 
eyes we may conclude that the waters of the old Cambrian 
or Silurian Ocean were as limpid as those of the present 
seas, and that the natural relations of light to the eye and of 
the eye to light cannot have greatly changed since that 
period. Many, if not all, of the Trilobites were cax3able of 
rolling thei^selves up into a ball, like wood-lice ; and ac- 
cordingly it is found that in many of them the contour of 
the head and tail is so constructed that they fit accurately 
when rolled up. Most probably the Trilobites either swam 
in an inverted position, the belly upwards, or crawled slowly 
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along at the bottom of tjio shallow coast waters, where they 
lived gregariously in vast numbers. 

Contemporaneous with the Trilobites were the Burypterids, 
which vary from one foot to five or six feet in length. One 
of the most striking characteristics of this remarkable order 
of crustaceans is the formidable pair of pincers with which 
they were armed. As their whole structure shows them to 
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have been active swimmers, they must have made consider- 
able havoc among the smaller fry of the Devonian and 
Silurian seas. 

Then also abounded in hundreds of species the Brachiopods, 
a class of molluscs now but feebly represented by a scanty 
remnant. The greater part of the interior of th^ shell, con- 
sisting of two unequal valves, is occu|)ied with branching 
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arms, fiirnislied witi. cilia, wliicli cause a constant current 
to flow towards the mouth of the mollusc, and thus provide 
for its nourishment. The arms, as in the family of the 
Spiriferidse, are sometimes supported 'by calcareous skeletons, 
arranged like loops or spirals. 

Some Brachiopods are attached to stones, like oysters ; 
in others the larger valve is perforated, and a sinewy kind ol 
foot, passing through the aperture, serves as a holdfast to 
the animal. 

Most of these helpless creatures did not survive the Car- 
boniferous period, hut the Terebratulse, which still have their 
representatives in the modern seas, existed even then, so 
that their genealogical tree may justly boast of a very high 
antiquity. 

The fishes, of which the oldest known specimen has been 
found in the Upper Silurian group (Lower Ludlow), become 
more frequent in the next following Devonian epoch, where 
they appear in a variety of wonderful forms, widely different 
from those of the present day. While in nearly all the 
existing fishes the scales are flexible, and generally either of 
a more or less circular form (cycloid), as in the salmon, 
herring, roach, «&c,, or provided with comb-like teeth, pro- 
jecting from the posterior margin (ctenofd), as in the sole or 
perch, the' fishes of the Devonian, Permian, and Carboniferous 
periods were decked with hard bony scales, either covered 
with a brilliant enamel, as in our sturgeons (ganoid), and 
arranged in regular rows, the posterior edges of each slightly 
overlapping the anterior ones of the next, or irregular in 
their shape, and separately imbedded in the skin (placoid), 
as in the sharks and rays of the present day. With rare 
exceptions their skeleton was cartilaginous; but the less per- 
fect ossification of their bones was amply compensated by the 
solid texture of their enamelled coat of mail, which afforded 
them a better protection against enemies and injuries from 
without than is possessed by any bony-skeletoned fish of our 
days. They were, in fact, comparatively as weU prepared 
for a hostile encounter as an ancient knight in armour, or as 
one of our inodern iron-plated war ships. One of the most 
remarkable of these mail-clad Ganoids was the FtericUliys 
Milleri of ^he Old Eed Sandstone of Scotland. In most of 
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our fishes the pectoral fins are but weakly developed • here 
they constitute real amis, moved by strong muscles, and 
resembling the paddle of the turtle. 



PTKIIICHTIIYS MILLERI- restored, (old red sandstone OE S(N)TLAND0 

Besides the eaormous masses of vegetable matter wliicli 
distiiigmsh the Carboniferious period, the stone beds of that 
tormatioa likewise contain a vast number of animal remains. 
Brom the reptiles and fishes down to the corals and sponges 
many new tamilies, genera, and species crowd upon the 
scene, while many of the previously flourishing races have 
either entirely disappeared, or are evidently declining. Thus 

reduced to a few 

species m the Carhoniferons period, and vanish towards its 

field fonnd in the coal 

field of Saarbruck, in the centre of spheroidal concretions of 
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C18.J iron-stone, wlaicli not only faithfully preserved the 
skulls, teeth, and the greater portions of the skeletons of these 
ancient lizards, but even a large part of their skin, con- 
sisting of long, narrow, wedge-shaped, tile-like, and horny 
scales, arranged in rows. What a lesson for Innnan x>i’ide ! 
The pyramid of the Pharaoh Cheops, reared by the labour of 
thousands of slaves, has been unable to preserve his remains 
from spoliation even for the short spa.ee of a few thousand 
years, and here a vile reptile has been safely imbedded in a 
sarcophagus of iron ore during the vast period of many 
geological formations. 

Still more recently (1854) other wonders have boon brought 
to light in the clay iron-stone of Saarbrilck. The wing of a 
gra,sshoppGr, with all its nerves as distinctly marked as if 
the creature had been hopping about but yesterday, some 
white ants or termites (now confined to the warmer regions 
of the globe), a beetle, and several cockroaches, give ns some 
idea of the insects tluit lived at the time when our coal-beds 
were forming. Another highly interesting circiimstanco, re- 
lating to the fossils of that distant period, is thaii in several of 
them the patterns of their colouring have been preserved. 
Tims Tarchratula hastata often retains .the marks of the 
original coloured stripes which ornamented the living shell. 
In Avimdoix'cten mhlohatm dark stripes alternate with a light 
groinid, and wa.vy hloichos are disphiyed in Vlmrokmaria 
carinala. From these facts Professor Forbes inferred tlnit 
tlie depth of the seas in which the Monntam Limestone was 
formed did not exceed fifty fathoms, as in the existing seas 
the Testacoa, which have shells and well-defined piittorns, 
rarely inhaljit a gixniter d(!plh. 

The Magnesian Linu'sione or Permian gi’onp is remarkable 
chiefly for the vast number of lishos that have b(Km found in 
some of its meiubtu's, aiudx as the ina.rl slate of Duiham and 
the lCn[)r(‘.rscihi(*ft'r, or copper slate of Thuringia,. From the 
curved form of tlieir impressions, as if they had been spas- 
modically contra chid, the fossil fish of tlui lultm’ locaility are 
supposed to have p('i’ish(Ml by a sudden d(‘alh before tlnjy sn.nk 
down into the mud in which they werocntoiubod. Probably 
the copper which impix'guates the stratum in which they 
occur is coflnca!t(;d with this phenomenon. Mighty voicam'c 
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eruptions corrupted tlie water witli poisonous metallic salts, 
and destroyed in a short time whole legions of its finny 
inhabitants. 

Prom the earliest ages the corals play a conspicious part 
in fossil history ; and as in our days we find them encircling 
islands and fringing continents with hugh ramparts of limo- 



TENTIilCULlTES—FOSSIL SPOifGB (CIIALK). 


stone, so many an ancient reef, now far inland, and raised 
several tliousand feet above tbe level of the sea, bears witness 
to the vast terrestrial changes that have taken place sineo it 
was first piled up by the growth of countless zoophytes. 



■^IPIIONIA COSTATA — POSSir4 SPO*NGE (OitKEN SAND, 


With regard to the dimensions of the fossil corals, we do 
not find that any of them exceeded in size their modern 
e atives ; but their construction was widely different. 


PETKOSPONGID^ AND CRINOIDS. 


If 


The fossil sponges of tlie primitive seas are likewise v'ery 
nnlike tliose of the present day. 

Thus in all the ancient strata we find abundant spongidse 
with a stony skeleton, while all the modern sponges possess 
a horny frame. The Petrospongidae, or stone sponges, which 
have long since disappeared, are frequently shapeless masses ; 
hut a large number are cup-shaped, with a central tubular 
cavity, lined, as well as the outer surface, with pores more or 
less regularly arranged. 

The Crinoids, or Sea-lilies, now almost entirely extinct, were 


EJfCRINUS LirjIFOranS. pentaouinus briareus. 

(MuBchelkalk, Germany.) 


extremely common in the primeval seas. Unlike our modern 
sea-stars, to which they are allies, they did not move about 
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freely from place to place, but were affixed, like flowerSj, to 0i 
slender flexible stalk, composed of numerous calcareous Joints 
connected together by ,a fleshy coat. The OarboiiiferouH 
Mountain Limestone is loaded with their remains, and tlu^ 
Encrimis liUiformis is one of the leading fossils of the Mns- 
chelkalk of the Triassic group. The Pmtacrimii^ bnareun is 
of more modern date, and occurs in tangled masses, forming 
thin beds of considerable extent in the Lower X/ias. This 
beautiful Crinoid, with its innumerable tentaciilo.r a.rniH, 
appears to have been frequently attached to the drift \v<hm 1 
of the Liassic sea, like the floating barnacles of ilic prost^nf; 
day. In the still more recent Chalk group is fotnul a, rh- 
markahle form of star-fish, the Marsupites ornalnf:.^ whi<*h 


resembles in all respects the thanoi<lH, 
except that it is not and never wan 
provided with a stem. It BVinm to 
have been rolled lazily to and fro, by 
the influence of the waves, at tlu^ hotioia 
of the sea, and to have been aiudionMi in 
its place by the action of gnwitj aIon<L 
Of all the changes that havi^ tuhen 
-place in organic life, none ixadiapn 
more remarkable than the traainforma- 
tions which the Oephalopodmoll ha ve 
undergone during the various l 

eras. In the more ancient PaIaM>& 5 oi<! Btnm 
flourished the Orthoceratites, or Htrniglii- 

oimAxns. CHALK. 

+T,. n • VL ® "^coiled- In the Carbunifi^ru.iH 
^es the Goniatites acquired their highest devehqunenf,. 
These shells were spirally wound, having the lob/H of tho 

; T crenatui:.; HO 1:; 

to form continuous and uninterrupted outlines 

Both Orthoceratites and Goniatites disappear in tho 
nassic times, and are replaced hy hosts of Ammmiitoa whit-li 
successively flourished in more than 600 sn^cth V 
characterised by an external siphon and cl ambers f 

phcated, often foliated, pattern. This foltetefl!^^^^ 

a remarkable character to the intersectten of+T f' 
partite, .HL the ehell, and n.n,thaveaddefglt4"“";,;: 
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strength of the shell, which was always delicate and often 
very heautifnh The Aimnoiiites, which made their first 
appearanc(i towards the end of the Triassic period, abounded 
in the Oolitic and Cretaceous periods, and were replaced by 
new forms before the Tertiary beds were deposited. Among 
these we find the Anriilomra^ which' may be regarded 

as an Ammonite partially unrolled, and the Turrilites tuher- 
cnlatm, which has the form and peculiar symmetry of a 
univalve shell. 



•nnmlt.tTKM TlDlKllI'CtMMVK. m»TOIlKI> 


Ill several of the older rocks, (>sp<Kna.lly tho Lias and Oolite, 
Belemnites are ii'e<pienily nad. with. These singular dart- or 
arrow-shapt'd fossils were supposed hy the ancients to bo the 
thunderbolts of .love, but are now known to bo the petrified 
internal bones of a ru.<*e of voracious euttlo-flslics, whose 
importiuu-d in the Oolitic, or (Vetmusms Bens may be judged 
■<if by the frc<iuency of their rmnains and tho 120 species that 
have been hitherto iliseovered. 

Bek'inny'-es tAvo ft'c't longhavi^ been found, so that, to judge 
hy analogies, the aniimtls to which tlusy belonged as cuttle- 
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bones must have measured eigMeen or twenty feet from end 
to end. Provided witb prehensile hooks on their long arms, 
and with a formidable parrot-like bill, these huge creatures 
must have proved most dangerous antagonists, even to the 
well-protected fishes that lived in the same seas. But of all 
the denizens of the Mesozoic Ocean none were more powerful 
than the large marine or enaliosaurianreptiles, which, flourish- 
ing throughout the whole of the Triassic period, were lords 
of all they surveyed down to the end of the Cretaceous 
epoch. Pirst among these monsters appears the gigantic 
Ichthyosaurus, which has been found no less than forty feet 
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long — a creature half fish, half lizard, and combining, in 
strange juxtaposition, the snout of the porpoise, the teeth of 
the crocodile, and the paddles of the whale. But the most 
remarkable of its features is the eye, surpassing a man’s head 
in size, and wonderfully adapted for vision both far and 
near. 

In the quarries of Caen in Normandy, at Lyme Eegis in 
Dorsetshire, and particularly at Kloster Banz in Franconia, 
where the largest known specimen has been discovered, entire 
skeletons of the formidable Ichthyosaurus have been ex- 
humed from the Liassic shale — memorials of the ages long 
since past, when lands now far removed from the ocean still 
lay at the bottom of the sea, and formed the domain of 
gigantic lizards. The enormous jaw-bones of the Ichthyo- 
sauri, which in the full-grown animal could be opened seven 
feet wide, were armed along their whole length with powerful 
conical teeth, showing them to have been carnivorous, and 
the half-digested remains of fishes and reptiles found within 
their skeletons indicate the precise nature of their fpod. The 
size of the swallowed object proves also that the cavity of 
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tlie stomacli musb liave corresponded with the wide opening 

of the jaws. Thus powerfully equipped for offensive warfare ; 

excellent swimmers from their compressed cuneiform trunk, 

their long "broad paddles, and their stout vertical tail-fin j 

provided, moreover, with 

eyes capable of piercing 

the dim light of the i&r 

ocean depths, they must 

have been formidable m 

indeed to the contem- H 

poraneous fishes. ^ 

The Ichthyosaurus M 

was admirably formed 
for cleaving the waves ^ 

of an agitated sea j but ^ 

the Plesiosaurus was 
equally well organised 
for pursuing its prey in 
shallow creeks and bays i WiS lW 

defended from heavy 4^^ 
breakers. Its long 
swan-like neck no doubt 
enabled it to drag many 
a victim from its hid- 
ing-place. While these 
huge lizards were the 
terror of the seas, the 

Pterodactyles, a race of M 

winged lizards, armed ' M 

with long jaws and M 

sharp teeth, hovered in \ 

the air. With the ex- 

“ ri.E&IOSAUUUS I30UC1II5I)EIUUS. 

Ception of the greatly (British Museum— Found in the Lias of Street, near 

elongated fifth finger, - G-histonbury.) 

to which, as well as to the whole length of the arm and 
body, the membranous wing or organ of flight was attached, 
the fingers of this strange animal were provided with sharp 


claws, so that it was probably enabled, like the bat, to sus- 
pend itself from precipitous rock-walls. 

It is a remarkable fact, that, whereas the Pterodactyles of 
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the older Lias beds did not exceed ten or twelve indies hi 
length, the later forms, fonnd fossil in the Greensand and 
Wealden beds of the Lower Cretaceous formation, must Iiav-e 
been at least 16^ feet long. That these reptiles were not 
the only vertebrated animals capable of hovering in the air 
at the time when the huge Ichthyosaurus was lord of the 
seas, is proved by a bird about the size of a rook, which was 
discovered in 1862, in the lithographic slate of Solenliofeii 
in Bavaria, a stone-bed belonging to the period of the 
Oolite. The skeleton of this valuable specimen, now in the 
British Museum, is almost entire, with the exception of the 
head, and retains even its feathers. Still older fossil mam- 
malia have been found near Stuttgard, in the uppermost bed of 
the Triassic deposits, and in the Lower Oolite of Oxfordshire. 
These interesting remains, which carry back the existence of 
the mammals to a very remote period, belong to small 
marsupial, or opposum-like, animals. The jaws, which are the 
principal parts preserved, are exceedingly minute, and re- 
markable for the number and distribution of their teeth, 
which prove them to have been either insectivoi^oas or 
rodent. 

The remains of t^e Ichthyosauri and Plesiosauri occur 
chiefly in the Liassie group, but the more recent Cretaceous 
(Wealden) formation is distinguished by the presence of still 
more enormous land saurians. On their massive legs a.n(l 
unwieldy feet these monsters stood much higher than any 
reptile of our days, and resembled in bulk and stature the 
elephants of the present world. 

The carnivorous Megalosaurus (for its sharply serrated 
teeth indicate its mode of life) appears to have preceded 
the gigantic Iguanodon, whose dentition denotes a vegetable 
food. Like the giant sloths of South America — the Mcg^a- 
therium and the Mylodon— the Iguanodon was provided 
with a long prehensile tongue and fleshy lips to seize the 
leaves and branches on which it fed. Professor Owen esti- 
mates its probable length at between fifty and sixty feet, 
and to judge by the proportions of its extremities, and pa,r- 
ticularly of its huge feet, it must have exceeded the balk of 
the elephant eightfold. 

During the following Upper Cretaceous epoch flTourished 
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tilio Mosasaurns, a marine sanriaxi, first discovered in the 
quarries of St. P<it(,>r’s Mount, near Maestricht,* and supposed 
to have been twenty-four feet in length. But the supremacy 
of the reptiles was now di-awing to its close, and in the 
Tertiary period wo at length see the Mammalia assume a 
prominent place on the scene of life. The oldest of these 
tertiary quadrupeds difier so widely from those of the present 
day as to form distinct genera. The Palaeotheriums, for 
instance, of whitdi there are seventeen species, varying in 
dimension from the size of a rhiiuxioros to that of a hog, 
combine in their skchdon many of the characters of the 
tat)ir, the rhinoceros, a,nd tlie horse, while the Anoplo- 
theriums, whose size varied from that of a hare to that of a 
dwarf ass, roaemhlcd in some respects the rhinoceros and 
the horse, and in others the hippopotamus, the hog, and the 
camel. 

In the Miocene (q)uch many of these more ancient quad- 
rupeds no long('r appear upon the scene, while others still 
iltturiah in its upper perittd along with still existing genera, 
and with forms long sima! extinct, such as the Diuotherium. 
This huge, animal is pa.d.imila.rly reniarlcahle for its two large 
a,ndh(‘a.vy tusks, plaet'd at the extromity.of the lower jaw, and 
curved downwards likt^ tliose in the upper jaw of the walrus. 
It was htrnuudy sup|iosed io l>e an herbivorous cretacean, and 
to have used iis aulorior limbs principally in the act of 
digging for roots. 'J’lu! renuuns on which these speculations 
were foumli'd wi>ri! tins huge jaws and shoulder-blade dis- 
covt'red at Kj»pleHheim in Ih^sso Darmstadt ; hut an immense 
pelvis of the a.nimal, luiaisuring six feet in breadth and four 
a, ml a.quader feet in height , diseov»‘red by li'athor Saniio Solaro, 
in the di'parlmeut of tlie Ha.ute, (Jaromus inovcs that this 
HU[)posed a<|uai(it*. pnehy<h*rm was a gigariitic marsupial, and 
that tlu^ depemleiit trunks of Uu^ unwieldy animal, instead of 
serving tlu.i ot a.uehoring it tio the hanks ol rivers, 

answered the more homely, but t'(}ually important office, of 
lifting the yovuig into the niahu’nal pouch. ‘ The I’euiarkable 
history of the sucsa'ssivii tliseoveiy of its bonos,’ says Pro- 
fessor llaughten, ‘ ami the elia.ngt' of views consequent there- 
upon, should teach geologists modesty in tho expression of 
^ t'h-q^ttT XXXV III* 
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their opinioBS.’ During. this period also flourished in India, 
alono* with many other strange forms of life, the Colossochelys 
Atlas, a tortoise of the most gigantic proportions, measuring, 
probably, nearly twenty feet on the curve of the carapace, 
and dwarfing into insignificance the great Indian tortoise of 
the present day. * 

The nearer we approach our own times, the greater be- 
comes the proportion of still existing genera and species ; and 
it is remarkable that as early as the Pliocene epoch we find 
a geographical distribution of mammalian life analogous 
to that which now characterises the various regions of the 
earth. 

Thus the fossil monkeys of South America have the 
nostrils wide apart like all the existing simise of the new 
world, and fossil monkeys with approximated nostrils, the 
characteristic mark of all the old world quadrumana, are 
exclusively found in Asia and in Europe, where now a small 
species of monkey is confined to the Eock of Gribraltar, but 
where, in the Upper Miocene times, large long-armed apes, 
equalling man in stature, lived in the oak forests of France. 
Thus also South America, where alone sloths and armadilloes 
exist at the present day, is the only part of the world where, 
in the younger tertiary rocks, the remains of analogous 
mammals — ^the Megatherium, the Mylodon, and the Glyp- 
todon — ^have been found. 

The Mylodon was a colossal sloth, eleven feet long and 
with a corresponding girth. When we consider the huge 
size of the pelvis and the massiveness of the limbs, we must 
needs conclude that Professor Owen could not possibly have 
given the unwieldy animal a more appropriate surname than 
that of robustus. 

The Megatherium was of still larger size. Its length was 
as much as eighteen feet, the breadth of its pelvis was six 
feet, and the tail, where it was attached to the body, must 
have measured six feet in chcumference. The thigh bone 
was nearly three times as great as that of the largest known 
elephant, the bones of the instep and those of the foot being 
also of corresponding size. The general proportions both or 
the Megatherium and Mylodon resembled those of the ele- 
phant, the body being relatively as large, the legS shorter 
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and thicker, and the neck very little longer. The Mega- 
therium may have had a short proboscis, but the Mylodon 
^exhibits no mark of such contrivance. 

"\It is evident, from the bulk and construction of these huge 
animals, that they did not, like the sloths of. the present day, 
crawl along the under side of the boughs till they had 
reached a commodious feeding place, but that, firmly seated 
on the strong tripod of their two hind legs and powerful 
tail, they uprooted trees or wrenched off branches with their 
fore limbs, which were well adapted for grasping the trunk 
or larger branches of a tree. The long and powerful claws 
were also, no doubt, useful in the preliminary process of 
scratching away the soil from the roots of the trees to be 
prostrated. This task accomplished, the long and curved 
fore claws would next be applied to the opposite sides of the 
loosened trunk. ^ The tree being thus partly undermined and 
firmly grappled with, the muscles of the trunk, the pelvis, 
and hind limbs, animated by the nervous influence of the 
unusually large spinal cord, would combine their forces 
with those of the anterior members in the efforts at prostra- 
tion. If now we picture to ourselves tl^e massive frame of 
the Megatherium, convulsed with the mighty wrestling, 
every vibrating fibre reacting upon its bony attachment with 
a force which the sharp and strong crests and apophyses 
loudly bespeak, we may suppose that that tree must have 
been strong indeed which, rocked to and fro, to right and 
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left, in sucli an embrace, could long withstand the efforts of 
its ponderotfS assailant.’ 

The Glyptodon, a colossal armadillo of the size of an 



26 THE SUBTEEEAHEA^f WOELD. 

0 X 5 was covered with a thick heavy tessellated bony armour, 
which, when detached from the body, resembled the section 
of a large cask. This'^ harness measured on its curve from 
head to tail at least six feet, and four feet from side to side, 
so that a Laplander might have squatted comfortably under 
its roof. 

In the superficial deposits of diluvial drift, in Germany 
and England, in Italy and Spain, in KTorthern Asia as well 
as in North America, between the latitudes of 40® and 75®, 
the bones of the large extinct Pachyderms have been found, 
and become more and more abundant as we approach the 
ice-bound regions within the Arctic Circle. The Siberian 
tundras, and the islands in the Polar Sea beyond, are, above 
all, so rich in the fossil remains of the Mammoth, or 
primitive elephant, that its tusks form a not unimportant 
branch of commerce. Prom the presence of so large an 
animal in treeless wilds, where now only small rodents or 
their persecutors, the Arctic fox and snow owl, find the 
means of subsistence, it has been inferred that Siberia must 
in those times have enjoyed a tropical climate ; but many 
weighty arguments have been arrayed against this opinion. 
The musk-ox, it is" well known, prefers the stinted herbage 
of the Arctic regions, while the allied buffalo can only thrive 
in a warm country, and different species of bears are found 
in all zones ; so also the primitive elephant was formed for 
a temperate or cold climate. Instead of being naked, like 
his living Asiatic and African relations, the Mammoth was 
covered with a warm clothing, well fitted to brave a low 
temperature, a fact sufficiently proved by the carcass of one 
of these animals which was found, in the year 1803, imbed- 
ded in a mass of ice on the bank of the Lena in latitude 
70®. Its skin was covered first with black bristles, thicker 
than horse-hair, from twelve to sixteen inches in lenfftln 
secondly with hair of a reddish-brown colour, about four 
inenes long, and thirdly with wool of the same colour as 
the hair, about an inch in length. 

The discoveries of Middendorff on the banks of the Taymur 
likewise show that in those times the climate of Siberia was 
by no meons tropical, for in latitude 75® 15' h^ found the 
trunk of a larch imbedded with the bones of a Mammoth in 
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a,i alluvial stratum fifteen feet above the level of tbe sea. 
Bragmeiita-of pine leaves have like-wise been extracted from 
cavities in tlie molar teeth of a fossil rhinoceros, discovered 
on the banka of the Wiljui, in latitude 64“. The numerous 
laud and freshwater shells accompanying the Mammoth in 
tiio highest latitudes are also, almost without exception 
identical with those now existing in Siberia. ’ 

The Mastodon, though not uncommon among the fossils 
of the old world, is more abundantly found in ITorth America. 
I!he molar teeth of this huge animal, whose grinding surfaces 
had their crowns studded with conical eminences, more or 
less resembling the teats of a cow, differed greatly from the 
flat-crowned grinders of the Mammoth ; but both had twenty 
ribs like the living elephant, and must have been similar in 
size and general appearance. The body of the Mastodon 
would seem to have been longer, its limbs thicker and 
shorter, and, perhaps, its form, on the whole, rather 
approaching that of the hippopotamus, which it probably 
resembled also in some of its habits. Its mouth was broader 
than that of the elephant, and although it was certainly 
provided with a long trunk, it must have lived on soft 
succiilent food, and it seems to have rarely left the marshes 
and muddy ponds, in which it would find ample food. 

The most complete, and probably the largest, specimen of 
the Mastodon ever found was exhumed in 1845, in the town 
of Newbury, New York, the length of the skeleton being 
twenty-five feet, and its height twelve feet. Yrom another 
specimen, found in the same year, in Warren County, New 
Jersey, the clay in the interior within the ribs, just where 
the contents of the stomach might naturally have been 
looked for, furnished some bushels of vegetable substance. 
A microscopic examination proved this matter to consist of 
pieces of small twigs of a coniferous tree of the cypress 
family, probably the yoxing shoots of the white cedar {Thuja 
occidmtaUs) which is still a native of North America. 

This interesting discovery likewise proves that the climate 
of North America was then, like that of Siberia, not very 
dift'erent from that of the jwesent day. 

The juost remarkable of the fossil Ruminants are found 
among the dber tribe. The largest of these is the Sivaihermm 
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giganteum^ discovered in the Tertiary beds of the sub- 
Himalayan hills. It was a deer with four horns, and, to 
judge by the size of -its bones, must have exceeded tbe 
elephant in its dimensions. Hear this huge ^ antlered 
monarch of the waste " the extinct Cervus megaceros^ found 
in the bogs and' shallow marls of Ireland, appears as a mere 
dwarf, in spite of its large branching palmate horus, often 
weighing eighty pounds, and a corresponding stature far 
exceeding that of our modern deer. 

The colossal size of many of the extinct plants and animals 
might seem to favour the belief that organic life has degene- 
rated from its former powers; but a survey of existing 
creation soon proves the vital principle to be as strong and 
flourishing as ever. 

Ho fossil tree has yet been found to equal the towering 
height of the huge Sequoias and Wellingtonias of California ; 
and though the Horsetails and Clubmosses of the Carboni- 
ferous ages may well be called colossal when compared with 
their diminutive representatives of the present day, yet their 
height by no means exceeded that of the tall bamboos of 
India. Ho fossil bivalve is as large as the Tridacna of the 
tropical seas ; andcthough our nautilus is a mere pigmy when 
compared with many of the Ammonites, our naked cuttle- 
fishes are probably as bulky as those of any of the former 
geological formations. The living crustaceans and fishes are 
not inferior to their predecessors in size, and though the 
giant saurians of the past were much larger than onr 
crocodiles, yet they do not completely dwarf them by com- 
parison. The extinct Dinornis ^ far surpassed the ostrich 
in size, but the IMammoth and the ktastodon find their 
equal in our elephant ; and though the sloths of the present 
day are mere pigmies when compared with the Megatherium, 
yet no extinct mammal attains the size of the Greenland 
whale. 

The perfect preservation of so many fossil remains of 
animals and plants, wlaicli enables ns to trace the progress 
of organic life on eai-tb from one vast epoch to another, is 
surely wonderful enough; but we must consider it as a still 
greater wonder that phenomena usually so evanescent as 

Chapter XIX. * 
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foot-prints, ripple-marks, and rain-jtrints, skonld in some 
cases have been permanently engraved in stone, and appear 
as distinct after millions of years as if their traces had been 
left but yesterday. All these marks were at first printed on 
soft argillaceous mud, on the sea-shore, or on the borders of 
lakes and rivers, which retained them as they became dry. 
Sand or clay having then been drifted into the mould by the 
wind, or deposited in its cavity by the next tide, a permanent 
cast was made, indented in the lower stratum and standing 
out in relief on the upper one. 

Thus rain-drops on greenish slates of the Coal period, with 
several worm tracks, such as usually accompany rain-marks 
on the recent mud of modern beaches, have been discovered 
near Sydney, in Cape Breton. As the drops resemble in then- 
average size those which now fall from the clouds, we may 
presume that the atmosphere of the Carboniferous period 
corresponded in density with that now investing the globe, 
and that different currents of air varied then as now in 
temperature, so as, by their mixture, to give rise to the 
condensation of aqueous vapour. 

In like manner it has been possible to detect the foot- 
prints of reptiles, even in shales as ol^ as the Cambrian 
formation, and to follow their trail as they walked or crawled 


along. 

In the Upper New Red Sandstone (Lower Tnas), near 
Hildburghausen, in Saxony, a strange unknown animal, 
supposed to belong to the frog order, has left foot-pnnts 
bearing a striking resemblance to the impressions made by 
a human hand ; and in the stiU older red sandstone of 
Connecticut, a 'gigantic bird has marked a foot four times 
larger than that of the ostrich. It existed long before the 
Ichthyosaurus was seen on earth, and^ yet by a singular 
chance its traces, printed on a foundation proverbially un- 
stable, have outlived the wreck of so many ages. _ 

However brief and defective the foregoing review of the 
fossil world .may have been, it has still suflBced to point out 
the existence on our planqt of so many habitabk surfaces, 
each distinct in tiihe, and peopled with its peculiar r^es of 
aquatic and terrestrial beings, all admirably fitted for 
new states -oi the globe as they arose, or they would not 
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b-BNe increased and multiplied and endured for indefinite 
periods. 

^The proofs now accumulated/ says Sir Charles Lyell, ^ of 
the close analogy between extinct and recent species are 
such as to leave no doubt on the mind that the same 
harmony of parts and beauty of contrivance which we admire 
in the living creation has equally characterised the organic 
world at remote periods. Thus, as we increase our knowledge 
of the inexhaustible variety displayed in living nature, otir 
admiration is multiplied by the reflection that it is only the 
last of a great series of pre-existing creations, of which we 
cannot estimate the number or limit in times past.’ 
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SUBTEEBAKEAK HEAT. 

Zone of invariable Temperature — Increasing Temperature of tlie Earth at n 
greater Depth - Proofs found in Mines and Artesian Wells, in Hot Springs 
and Volcanic Eruptions — ^The whole Earth probably at one time a fluid 
mass. 

B OEH neitlier to soar into the air, nor to inhabit the 
deep waters, nor to pass his life in subterranean dark- 
ness, man is unable to depart to any considerable distance 
from the earth^s surface. If he ascends in a halloon, he soon 
reaches the limits where the rarefied atmosphere renders 
breathing impossible ; a few thousand feet limit his efforts 
to pierce the earth’s crust ; and should he be cast out into 
the sea, he is soon drowned. But beyondjihe limits to which 
his body is confined, his mind soars into space, and plunging 
into the unknown interior of our globe, seeks to unravel the 
mystery of its formation. In the following pages I purpose 
briefly to point' out the circumstances which guide him in 
his speculations, and enable him to roam, at least in spirit, 
through the profound abysses of the subten-anean world. 

As we all know, the temperature of the atmosphere soon 
communicates its changes to the surface of the earth ; and 
our meadows, which when warmed by the rays of the sun 
are green and covered with flowers, harden in winter into a 
lifeless plain. But the influence of the sun’s heat upon the 
soil is merely superficial, so that in the temperate zones the 
annual fluctuations of the thermometer are no longer per- 
ceptible at a depth of from 60 to 80 feet. 

Thus, in the cellars of the Parisian observatory, a thermo- 
meter, placed many years ago 86 feet below the surface, 
invariably indicates + 11^7 Celsius ; the summer above may 
be ever so# intensely hot^ or the winter ever so cold, the 
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column of mercury never deviates a hair’s breadth from the 
height it has once attained. Below these limits the warmth 
of the earth gradually increases — a fact placed beyond all 
doubt by the innumerable observations that have been made in 
mines, and during the boring of Artesiaai wells. For wherever' 
sinkings have been made, a rising of the thermometer has 
always been found to take place as the auger penetrates to a 
greater depth below the surface. Thus, to cite but a few 
examples, the temperatirre of the Artesian well of Orenelle in 
Paris, which, at a depth of 917 French feet, amonntetl to 
+ 22°2 C., increased at the depth of 1,555 feet to -f 26°4S, 
and the water, which now gushes forth from the depth of 
1,684 feet, constantly maintains the same lukewarm temper- 
ture of + 27°70. 


During the boring of the well of Neusalzwerlc, in "West- 
phalia, the temperature rose at the various depths of 580, 
1,285, and 1,935 feet from +19°7 C. to ^-27°5 and +31°4* 
unto, finally, when the depth of 2,144 feet was attained, the 
saline spring issued forth with a constant temperature of 
+ 83'’6. As from the experience acquired in mines and 
Artesian wells, the temperature is found to increase by one 
degree for about every successive 80 or 100 feet, the internal 
waimth of the earU, supposing it to increase in the same 
proportion towards the centre, would, at the depth of 10,000 
feet be equal to that of boiling water, and at that of 80 
“lies sufficiently great to melt the hardest rock. 

Whether this steady increase really takes place is of course 

only matter of conjecture; but the history of hot springs 
and volcamc eruptions shows us that everywhere a very hifh 
surfaTe considerable depths helot the 


quently cooler— a nrnof+Hot; n 
depthindependenttfthefluetua?°*^T^®®*^'®^.^®®"® ^ 

of the surface. While these 0001^00!^^'^^ ® 

immense numbers over the earth ^ 

wiore of a 

I'O 01 neat, the wa^.m and hot 
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springs remind ns of its intensity at more considerable 
depths. These thermal sonrces are confined to no climate, for 
in the cold land of the Tschuktschi, where the soil must be 
perpetually frozen to a depth of several hundred feet, boiling 
water is found to gush forth, as well as in the tropical Feejee 
Islands. 

The hot springs, though of frequent occurrence in all 
parts of the world, are not the only or principal vents of 
subterranean heat. Far greater quantities of calorie are 
constantly pouring forth from the numerous volcanoes and 
solfataras, which are likewise distributed all over the surface 
of the globe. The violent convulsions which attend every 
outflow of lava are proofs that these torrents of liquid stone 
must have been forced upwards from a far greater depth 
than the water of the hot springs. The temperature 
necessary for their production likewise points to this fact, 
for to melt stones a heat of at least 2,000“ 0. is required. 
But volcanoes, like hot springs, are found in every zone; 
beyond the Arctic Circle, as well as in the most southern 
land attained by Sir James Boss in his memorable voyage. 
They line the coasts of the Pacific, as weh as those of the 
Sea of Kamtschatka. They desolate Iceland as they de- 
voured Pompeii and Herculaneum; and everywhere they 
pour forth the same masses of fluid stone ; so that the 
o-eologist is not able to distinguish the lavas of the Andes 
chain from those of Etna or Vesuvius. But phenomena so 
much alike in character, common to aU pa,rts of the globe, 
can hardly be dependent upon mere local circumstances, and 
speak loudly in favour of the theory which supposes our 
eLth to have been at one time a baU of liquid fire. 
Wandering through space during a course of mnuinlmred 
ages, this huge mass of molten stones and metals 
cL;d,and at length got covered with a solid 
which the ancient furnaces are still burning and stnvm, to 
burst their fetters. Well may we say with Horace 

* Incedimus per igties 
Suppositos cineri doloso.’ 
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CHAPTER IV. 

SUBTEEEAMAN UPHEAVALS AlTD DEPEESSIONB. 

Oscillations of the Earth’s Surface taking place in the present cla,y-»~Firet 
ascertained in Sweden — Examples of Contemporaneous Upheaval and Depression 
in France and England — Probable Causes of the Phenomenon* 

W HILE the sea and the atmospheric ocean are subject to 
perpetual fluctuations, and the poet justly conipsm^H 
the uncertain tenure of human prosperity with the 
wave or the inconstant wind, the solid earth is generu.lly 
regarded as the emblem of stability. But an examiua.i.ion 
of the various strata of aqueous origin which coimtitutc^ by 
far the greater part of the actual dryland soon showB the 
fallacy of this opinion. 

The fossils of ma-rine origin which occur in so m any of our 
oldest rocks, now situated far above the level of the occiiu, 
must necessarily have been raised from the deep. On ilm 
towering Andes, fifteen thousand feet above the tide-niarlcB 
of the Pacific, the geologist finds sea-shells imbedded in tlu*^ 
rock, and high above the snow-line the chaxnoiH-huntcn^ of 
the Alps wonders at the sight of spirally- wound AnnnoniteH 
that once enjoyed life at the bottom of the Liaasic Sena. In 
strata of a more modern date, we find, on the banks of the 
river Senegal, far inland, large deposits of the Arcasenilu ; 
a mollusc still living on the neighbouring coast. On tlu^ 
borders of Loch Lomond, twenty feet above the level of tln^ 
sea, shells of the edible cockle and sea.-urchin repose in a layinr 
of brown clay, and the banks of the Forth and of the Cljih, 
thirty feet higher than the storm tides, inclose iceimiim of 
common shells of the present period, such as the oyster, tlun 
mussel, and the limpet. Along the shores of the Medi- 
terraneaB, at Monte Video and at Valparaiso, in the isles of 
the Pacific and at the Cape, in California andllaxli, we meet 
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witli similar instances of elevation, wliicli, thongli geologically 
recent, may yet be of a sufficiently ancient date to bave 
preceded tlie appearance of man on earth. But proofs ai'e 
not ■wanting that the upheaving power which has wrought 
so many changes in the past is still actively employed in 
remodelling the surface of the earth. 

This imjiortant geological fact was first ascertained on the 
coast of Sweden, 3vhere the peculiar configuration of the shore 
makes it easy to appreciate slight changes in the relative 
level of land and vvater. For the continent is fringed with 
countless rocky islands called the ‘ skar,’ within which boats 
and small vessels sail in smooth water even when the sea 
without is strongly agitated. But the navigation is very 
intricate, and the pilot must possess a perfect knowledge of 
the breadth and depth of every narrow channel, and the 
position of innumerable sunkenr ocks. On such a coast even 
a slight change of level could not fail to become known to 
the mariner, and to attract the attention of the learned, as 
soon as the book of nature began to be more accurately 
studied. 

Early in the last century the Swedish naturalist Celsius 
colU;ct(Hl juunerous observations, all pointing to the fact of a 
slow elevation of the land. Rocks both on the shore of the 


Baltic and the CJerinan Ocean, known to have been, once sunken 
reefs, weroin his time above water ; small islands in the Gulf 
of Bothnia ha,d beam joined to the continent, and old fishing 
grounds des(,irlo<l, as being too shallow, or entirely dried up. 
Tln'se chang(!S of level, which he estimated at about three 
fia't in a ct'utnry, Ctdsius attributed to a sinking of the waters 
of the Baltic, owing possibly to the channel, by which it dis- 
charges its surplus waters into the Atlantic, having been 
gradually widemal and deepened by the waves and cnrreiits. 
But the' lowering of level would in that case have been 
uniform and nniveiml over that inland sea, and . the waters 
could not have sunk at Torneo while they retained them 
fornu^r hwel at (.lopenhageii, Wismar, Stralsund, and other 
towns which are now as closo to the water s edge as at the 
time of their foundation. Playfair (1802) and 
Buell (1807) tirst attributed the change of level to ^ ^ 
and LmL rising of the land, and the subsequent m- 
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vestigations of Sir Charles Lyell in 1884 have i)laced the fact 
beyond a donbt. 

The attention of geologists having once been directed to 
the partial npheaval of the Scandinavian peninsula, similar 
facts were soon pointed out in other countries. At Bourg*- 
neuf, near La Eochelle, the remains of a ship wrecked on an 
oyster bank in the year 1752, now lie in a cultivated field, 
fifteen feet above the level of the sea; and within a period of 
twenty-five years the parish has gained at least 1,500 acres, 
a very acceptable gift of the subterranean plutonic power. 
Port Baliaud, where formerly the Dutchmen used to take 
in cargoes of salt, is now 9,000 feet from the sea, and the 


Island of Olonne is at present surrounded only by swamps 
and meadows. These and similar phenomena, such as the 
constant rise of the chalk cliffs at Marennes, cannot possibly 
be explained by recent driftings, but evidently proceed from 
a slow upheaval of the coasts and the adjacent sea-bed. 

On the opposite shores of the Atlantic, we find New- 
foundland undergoing a similar process of elevation ; for cIxIFb 
over which, thirty or forty years ago, schooners used to sail 
with perfect safety, are now quite close to the surface ; a>H(l 
in the Pacific the depth of the channel leadixxg to the port ot 
Honolulu is gradually decreasing from the same cause. 


While many coasts thus show signs of progressive elevation, 
others afford no less striking proofs of subsidence, frequently 
in close proximity to regions of upheaval. 

Thus on the south-west coast of England, in Cornwall^ 
Devon, and Somerset, submarine forests, consisting of the 
species still flourishing in the neighbourhood, are of sueh 
frequent occurrence that, according to Sir Henry de la Beebe, 
It IS difficult not to find traces of them at the mouths of all 
the numerous valleys which open upon the sea.^ Sometimes 
they are covered with mud or sand, and generally the roots 
axe found m the situation where they originally grew, wliilo 
he trunks have been horizontally levelled. At Bann Bridirc* 
specimens of ancient Eoman pottery have been discovered 

old Eoman road, now submerged six feet deep, prove that tbo 
deuce of the tod h„ he™ gofag o„ siL X timL 
Julius Caesar and Agricola. 
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Oil tlie east coast tlie plienomenon is still more striking, 
particularly in tke Wash, that shallow bay between Lincoln- 
shire and Norfolk, on whose opposite shores a submarine 
forest extends, the trunks and stubbles of which become 
apparent at ebb-tide. On the coasts of Normandy and 
Brittany we likewise find traces of depression, pointing to 
some future time when perhaps many a bluff headland, now 
boldly fronting the ocean, may have disappeared beneath 
the waves. 

Huts of the Esquimaux and of the early Danish colonist? 
on the coast of Greenland, now submerged at high tide, 
could not possibly have been originally constructed in so 
inconvenient a situation ; and at Puynipet, in the South Sea, 
habitations sunk beneath the water likewise prove a gradual 
subsidence of the land. 

On many coasts and islands modern scientific explorers 
have hewn marks in the rock, to enable future generations 
to iudge of the changes which are slowly and surely altering 
the configuration of the land and tracing new boundaries to 
the ocean. Had our forefathers left us similar memorials, 
wo should know much more about the oscillatory movements 
of the earth-rind than we know now ; ,but, unfortunately, 
experimental natural philosophy is but of recent date, and 
the marks chiselled out upon the Swedish rocks in the years 
1 7:11 and 1752 are the earliest records by which the chrono- 
logical progress of elevation or subsidence can be distinctly 


ascertained. . , 

This phenomenon, which has played so important a part 

in the physical annals of our globe, ha^ng once ^_en accu- 
rately determined, enables the geologist to explain many 
facts for which, before it became known, it was impossible to 


We now need not wonder at seeing sea-shells imbedded m 
the highest mountains or buried hundreds of fathoms under 
the grmmd, at alternating layers of marine and sweet-water 
denosits beino- frequently storied one above the other, or at 
strata being now found at every possible 

arS actaaUy pl“« 
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violent volcanic revolutions liave no doubt been far less 
instrumental in moulding the eartb-rind to its present form 
than tbe slow oscillatory movements of elevation and de- 
pression wbicb from time immemorial bave been constantly 
altering its surface. 

Tbe causes of these oscillatory movements are still very 
imperfectly known, tbougb a probable bypotbesis attributes 
them to tbe expansion by increased temperature of extensive 
deep-seated masses of matter. As tbe elevation of some 
tracts seem to coincide with tbe i3roportionate depression of 
others at a greater or less distance, these alternating 
upheavals and subsidences may possibly be tbe result rather 
of tbe lateral shifting of tbe flow of beat from one mass of 
subterranean matter to a neighbouring mass than of its 
positive increase on tbe whole. ^ Such a lateral division of 
tbe outward flow of beat,^ says Mr. Poulett Scrope, * we may 
presume to be caused by tbe deposition over certain areas 
of thick newly-formed beds of any matter imperfectly con- 
ducting beat, like sedimentary sands, gra\els 5 clays, shales, 
or calcareous mud, by wbicb tbe outward transmission of 
beat being checked, it must accumulate beneath, while a poi- 
tion of it will pass off laterally to augment tbe temperature 
of mineral matter in neighbouring areas ; just as tbe water of 
a spring, if its usual issue is blocked up, will accumulate in 
tbe fissures or pores of tbe rock containing it, until it finds 
a vent on either side and at a higher level. Owing to this 
increase, tbe resistance opposed by the overlying rocks in 
that quarter may be sooner or later overcome, and their 
elevation brought about, through tbe dilatation of tbe mineral 
matter beneath.’ 
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Stil)torrai]if*an DiHtnbiition of tho Waters — Admirabb^ ProviHions of Nature — 
Hy<lroatatic Laws r(‘p^iilatiiig tho Flow of Springs— Thermal Springs — Inter- 
mittent Springs— Tlio Goysir- — Bunsim’s Theory — ^Artosian Wells — Lo Baits 
d(‘ Gronellc — Deep Borings — Various XJhos of Artesian Wells— Artesian Wells 
in Venice and in the Desert of Sahara. 

I N every mm tlie evaporating power of the sun raises from 
the surface of the ocean vapours, which hover in tho air 
until, condensed by cold, tliey descend in rain upon the 
eartJu Hero part of ilieni are soon restored to the sea by 
i.ht^ swollen rivers ; another part is once more volatalised ; but 
by far the largtu- quantity tinds its slow way into tho bowels 
of the earth, where it serves lor the perennial supply of wells 
and springs* 

Tho distribution of these subterranean waters, and the 
simple laws which regulate theur circulation, afford us one 
of tho most iuierimtiug glimpses into the physical economy 
of our globtv We know that ihc grtniter part of the earth’s 
surface is composed of stratiliod rocks, or alternate beds of 
impermeable clay and porous linusstone or sand, which were 
originally dtqioHiied in horii^ontal layers, but have smee boon 
more or less disphu^ed and Hi)t on <slge by upheaving forces. 
Wherever permeable beds of limeshmc or aa.ml crop out on 
the Burfane of the himl, tlu^ n^siduary portions of rain-water 
which are not dispose<l of by Hoods or by (waporation must 
TUH‘eBsa.rily pcuietrate into the, pores ‘and (issun's, and descend 
lowiT andjowcu', until tliey fniahy naieh a.n impcrmeahle 
stratum which forbids their fmtluu^^ progress to a greater 
dtq)th. 

The granite, gneiss, porphyry, lava, and othcir nnstratirajd 
and cryshriliuc rocks of igneous origin, which, cover about a 
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tliird part of the habitable globe, are likewise intersected by 
innumerable fissures and interstices, which in a similar 
manner, collect ‘and transmit rain* water. 

Thus the plutonic or volcanic forces which have gradually 
moulded the dry land into its present form have also 
provided it with the necessary filters, drains, reservoirs, and 
conduits, for the constant replenishment of springs, brooks, 
and rivers. As every porous layer is more or less saturated 
with moisture, the stratified rocks are frequently traversed 
at various depths by distinct sheets of water, or rather, in 
most cases, by permanently drenched or waterlogged sheets 
of chalk or sand. Thus, in a boring undertaken in search of 
coal at St. Mcolas d’Aliermont, near Dieppe, no less than 
seven very abundant aquiferous layers or beds of stone were 
met with from about 75 to 1,000 feet below the surface. 
In an Artesian boring at Paris, five distinct sheets of water, 
each of them capable of ascension, were ascertained; and 
similar perforations executed in the United States, and other 
countries, have in the same manner traversed successive 
stages of aqueous deposits. 

Thus there can be no doubt that vast quantities of water 
are everywhere accumulated in the porous strata of which a 
great part of the superficial earth-rind is composed, the 
rapidity with which they circulate varying of course with the 
amount of hydrostatic pressure to which they are subjected, 
and the more or less porous and permeable nature of the 
beds through which they percolate. Were the ground we 
stand on composed of transparent crystal, and the subter- 
ranean water-courses tinged with some vivid colour, we 
should then see the upper earth-crust traversed in every 
direction by aqueous veins, and frequently as saturated with 
water as the internal parts of our body are with blood. But 
hTature not only perennially feeds our springs and brooks 
from the inexhaustible fountains of the deep ; it is also one 
of her infinitely wise provisions that the same water which, 
if placed in casks or open tanks, becomes putridj continues 
fresh so long as it remains in the cavities and interstices of 
the terrestrial strata. While filtering through the earth, it 
is generally cleansed of aU the organic substances whose 
decay would inevitably taint its purity, and comes forth 
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salubrious and refreshing, a source of health and enjoyment 
to the whole animal creation. 

The extreme limits to which the waters descend into the 
earth of course escape our direct observation, as the lowest 
point to which the subterranean regions have been probed 
is less than 2,000 or 2,500 feet below the level-of the sea; but 
as we know from the formation of many basins that the 
strata of which they are composed attain in many cases a 
thickness of from 20,000 to 30,000 feet, there can hardly be 
a doubt that they are permeated by water to an equal depth. 

As steam plays so great a part in volcanic phenomena, the 
scat or effective cause of which must needs be sought for at 
an immense distance below the surface of the earth, we have 
another proof of the vast depth to which the subterranean 
migrations of water are able to attain. 

After this brief glimpse into the reservoirs of the deep, we 
have to ascertain the power which raises their liquid contents 
and foi'ces them to reappear upon the surface of the earth. 
If we pour water into a tube, bent in the form of the letter tr, 
it will rise to an equal level in both branches. We will now 
suppose that the left branch of the tube opens at the top into 
a vast reservoir, wdiich is able to keep it constantly filled, and 
that the right branch is cut off near the bottom, so that only 
a small vertical piece remains. The pressure of the water 
column in the left branch will in this case force the liquid 
to gush out of the orifice of the shortened right branch 
to the level which it occupied while the branch was stni 
entire. 

These two hydrostatic laws, or rather these two modifica- 
tions of the same law, have been frequently put to practical 
uses ; as, for instance, in the communicating tubes which dis- 
ti-ibute the waters of an elevated source or reservoir to the 
various districts of a town, or in the subterranean conduits 
which servo to create fountains, such as those of YersaiUes 
or the Crystal Palace. 

When iha Romans intended to lead water from one hUl to 
another, they constructed, at a vast expense, magnificent aque- 
ducts r.croHa the intermediate valley ; hut the Turks, whom we 
look upon as ignorant barbarians, obtain the same result in 
a much imwo economical manner, and in this respect far 
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bn.irpass tlie ancients, wlio, had they been acquainte 1 

with the first principles of hydrostatics, would indeed have 
left us fewer specimens of their architectural skill, butwoul 
at the same time have saved themselves a great deal of un- 
necessary expense. . . i 

Down the slope of the hill from which the water is to bo 

conducted, the Turks lay a tube of brick or metaJ, whicli, 
crossing the valley, moulds itself to its different inflectiouB, 
and ultimately ascends the declivity of the hill on the 
opposite side, where, in virtue of the law above cited, tho 
water rises as high as on that from which it descended. If 
we suppose the descending branch of the tube to be pro- 
longed only as far as the level of the valley, with a superficial 
orifice, then the liquid will of course gush forth in a vertical 
column, and form ^ jet or fountain, its height boingr 

determined by the elevation of the sheet of water by which 
it is fed, and the consequent degree of pressure wliich acts 
upon it. This is the principle on which all artificial foun- 
tains are constructed. The conduit, for instance, which feeds 
the grand fountain of the Tuileries receives its water from 
a reservoir situated on the heights of Chaillot. 

Whatever the form of the tube may be in which the liquid 
is contained, the simple hydrostatic law which regulates its 
level remains unmodified. Let the tube be circular, elliptic, 
or square, with a single orifice or with many^ — let it be open, 
or choked with pebbles or permeable sand — in every case tho 
water will invariably rise to the same height, provided the 
tube be perfectly water-tight ; or else gush forth wherever 
it finds an opening below the highest level. 

This hydrostatic principle so perfectly illustrates the origin 
of springs, that it is almost superfluous to enter into any 
further details on the subject. 

When we consider that porous or absorbent strata, alter- 
nating with impermeable strata, frequently crop out on 
the back or on the slope of hills or mountains, and then, 
having reached their base, extend horizontally , beneath tha 
plain, there can be no doubt that they are placed in tlu 5 
same hydrostatic conditions as ordinary water-conductin|^ 
tubes, and that wherever any fissure or opening occurs in 
the superincumbent impervious strata at any ^mint below 



HOT AND COLD SPKINGS. 


43 


the highest level of the -water, springs must necessarily bo 
formed. 

As the same strata often extend over many hundreds of 
miles, -we cannot wonder that sources frequently issue from 
the centre of immense plains, for the hydrostatic pressure 
which causes them to gush forth may have its seat at a 
very considerable distance. 

As the waters by which the springs are fed have often vast 
subteri-anoau journeys to perform, their temperature is natu- 
rally imh'pendent of that of the seasons or of the changes 
of the atmosphere. Thus, cold springs occur in a tropical 
climatt', when their subterranean channels descend from high 
mountiuna, and boiling sources gush forth in the Arctic 
regions when forced upwards from a considerable depth. 

While the waters filter through the earth, they also 


naturally dissolve a variety of substances, and hence aU 
springs are more or less impregnated with extraneous 
piirtudcia. But many of them, particularly such as are of a 
higher temperature, contain either a large quantity or so 
ptumliar a comhimition of mineral substances as to acqnire 
medicinal virtues of the highest order. 

The. geological phenomena which favotrr the production of 
iluirmal springs are extremely interesting, and point to a 
deep-seatt‘d origin. By far the greater number of these 
I'ountaina arise near the scene of some great subterranean 
disturbance, either connected with volcanic action, or with 
the elevatioti of a chain of mountains, or ascend through 
(jlefts and fissures caused by disruption. Thus the thermal 
springs of Matlock and Bath accompany great natural crevices 
in the mountain limestone, and the hot springs of Wies- 
baden and Kms, of Gnrlabad and Toeplitz, all lie contiguous to 
remarkablo disloeations, or to great lines of elevation, or to 


the neighbourhood of a volcanic focus. _ 

On(‘ of th(5 moat remarkable phenomena of thermal sprmgs 
is constant invariahlenoss of their temperature a.nd their 
mineral impregnations. During the last fifty or 
ever since accurate thevmometrical observations a,nd ^bemic^ 
analyses have been made, the most celebrated mineral 
Houries of Germany have been found to °^am he same 
proportioned’ mineral substances. This is truly astonish „ 
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when we consider that the latter are merely dissolved by 
the waters while passing through the bowels of tbe earth, 
and that a considerable number of them are frequently found 
together in the same source. 

Another I'emarkable fact is, that, even in countries exposed 
to violent and frequent earthquakes, so many subterranean 
watercourses have remained unaltered for 2,000 years at 
least. The sources of Greece still flow apparently as in the 
times of Hellenic antiquity. The spring of Erasinos, two 
leagues south of Argos, on the declivity af the Chaonian 
mountains, is mentioned by Herodotus. At Delphi the 
Cassotis (now Wells of Saint Nicholas) still flows under the 
ruins of the temple of Apollo, and the hot baths of Aidepsos 
still exist in which Sylla bathed during the Mithridatic war. 

Many springs exhibit the singular phenomenon of an 
intermittence which is independent of the quantity of rain 
falling in the district, or of the flux and reflux of the tide 
in a neighbouring river. In many cases the simple and well- 
known hydrostatical law exemplified in the common siphon*^ 
affords a very ready and sufidcient explanation of the phe- 
nomenon. 

In the annexed diagram the vessel a communicates, by a 
tube c, with the siphon tube 6, and it is manifest that 



when the water in a rises above the level of the top of fc, it 


* A siphon, as is well known, is a hent tube, having one log longer than the 
other. When this tube is filled with any liquid, and the shorter end is imTnors<‘d 
in a vessel containing liquid of the same kind, the weight of the colnmn in tho 
longer leg will cause the liquid to begin to run out, and it will Continue rtinning 
till the vessel is emptied. This arises from the pressure of air on the exposed 
surface of fiuid, forcing it up through the tube to prevent vacuum, which would 
otherwise be formed at the highest point; and the extreme limit of length at 
which the siphon will act is therefore determined by the height of a colnnm of tho 
fluid equal to the pressure of the atmosphere (fifteen pounds on tfie square inch). 
The limit in the case of water is something more than thirty feet. 
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will begin to flow over and escape, as at cL But as soon as 
this is the case the tube b begins to act as a siphon, and 
draws off all the water in so that if a constant snpply is 
ponred into a, but at a rate slower than the rate of the dis- 
charge at dy there will be an intermittent discharge, the 
interval depending on the relation of the rate of filling to 
that of emptying. 

The case of a subterranean cavity in a limestone rock, 
slowly fed by drainage from the cracks and fissures of the 
rock above, and communicating at a distant point with the 
surface by a bent or siphon tube, is evidently strictly ana- 
logous. 



8EOTON OE Mi INTKftMrrTBN'T HPIlING. 


Iceland, pre-eminently the land of volcanic wonders, pos- 
sesses in the Great Gey sir the naost remarkable intermittent 
fountain in the world. ‘ At the foot of the Langarfjall hill, 
in a green plain, through which several rivers meander like 
threads of silver, and where chains of dark-coloured moun- 
tains, overtopped here and there by distant snow-peaks, 
form a grand but melancholy picture, dense volnmes of steam 
indicate from afar the site of a whole system of thermal 
springs congregated on a small piece of ground not exceeding 
twelve acres in extent. In any other spot the smallest of 
these boiling fountains would arrest the traveller’s attention, 
but here his whole mind is absorbed by the Great Geysir. 
In the course of countless ages, this monarch of springs has 
formed out ^of the silica which it deposits a mound which 
rises to about thirty feet above the general surface of the 
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plain, and slopes on all sides, to a distance of Imndred 
feet or thereabouts, from the border of a large circular basin 
situated in its centre, and measuring about fifty-six feet in 
the greatest diameter and fifty-two feet in the narrowest. 
In the middle of this basin, forming as it were a gigantic 
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funnel, there is a pipe or tube, which at its opening in 
basin is eighteen or sixteen feet in diameter,, "but nari'ows 
considerably at a little distance from the motitli, and tbeii 
appears to be not more than ten and twelve feet in diameter. 
It has been probed to a depth of seventy feet^ but it is more 
than probable that hidden channels ramify further into the 
bowels of the earth. The sides of the txibe are smoothly 
polished, and so hard that it is not possible to strike oif a 
piece of it with a hammer. Generally the whole baBill^ is 
found filled tip to the brim with sea-green water as pxtra 
as crystal, and of a temperature of from 180 ° to 
Astonished at the placid tranquillity of the pool, the travellox'' 
can hardly believe that he is really standing on the brink of 
the far-famed Geysir ; but suddenly a subterranean thunder 
is heard, the ground trembles under his feet^ the water in 
the basin begins to simmer, and large bnbbles of steam rise 
from the tube and burst on reaching the surfa<;^, throwings 
np small jets of spray to the height of several feet. Every 



THE GEYSmS OP ICELAND. 


47 


instant lie expects to witness the grand spectacle which has 
chiefly induced him to visit this northern land ; but soon the 
basin becomes tranquil as before, and the dense vapours 
produced by the ebullition are wafted away by the breeze. 
These smaller eruptions are regularly repeated every eighty 
or ninety minutes, but frequently the traveller is obliged to 
wait a whole day or even longer before he sees the whole 
power of the Geysir. A detonation louder than, usual pre- 
cedes one of these grand eruptions ; the water in the basiu 
is violently agitated ; the tube boils vehemently ; and sud- 
denly a magnificent column of water, clothed in vapour of a 
dazzling whiteness, shoots up into the air with immense 
impetuosity, to the height of eighty or ninety feet, and, radi- 
ating at its apex, showers water and steam in evei-y direction. 
A second eruption and a third rapidly follow, and after a 
few minutes the fairy spectacle has passed away like a fan- 
tastic vision. The basin is now completely dried up, and on 
looking down into the shaft, the traveller is astonished to 
see the water about six feet from the rim, and as tranquil as 
in an ordinary well. After about thirty or forty minutes it 
again btigins to rise, and after a few hours reaches the brim 
of the basin. Soon the subteiTanean thtyader, the shaking 
of the ground, the simmering above the tube begin again — 
a new gigantic explosion takes place, to be followed by a 
new period of rest — and thus this wonderful play of nature 
goes on, day after day, year after year, and century after 
century. The mound of the Geysir bears witness to its 
immense antiquity, as its water contains but a minute 
portion of silica.’* 

The explanation of these wonderful phenomena has exer- 
cised the ingenuity of many natural philosophers ; but Pro- 
fessor Bunsen’s theory seems the most plausible. Having 
first ascertained, by experiment, that the water at the mouth 
of the tube has a temperature, corresponding to the pressure 
of the atmosphere, of about 212° P., he found it much hotter 
at a certain-depth below; a thermometer, suspended by a 
string in the pipe, rising to 266° P., or no less than 48° above 
the boiling point. By letting down stones, suspended by 
strings, to various depths, he next came to the conclusion 

• ‘ Tho Polar World,’ p. S4. 
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tliat the tube itself is the main seat or focus of the mecha- 
nical power which forces the huge water column upwards. 
For the stones which, were sunk to greater distances froiu 
the surface were not cast up again when the next eruption, 
of the Geysir took place, whereas those nearer the mouth 
of the tube were ejected to a considerable height by the 
ascending water-column. Other experiments also were made, 
tending to demonstrate the singular fact that there is often 
scarcely any motion below when a violent rush of steam and 
water is taking place above. It seems that when a lofty 
column of water possesses a temperature increasing with the 
depth, any slight ebullition, or disturbance of equilibriuiu, 
in the upper portion may first force np water into the hasiii, 
and then cause it to flow over the edge. A lower portion, 
thus suddenly relieved of part of its pressure, expands, and. 
is converted into vapour more rapidly than the first, owing* 
to its greater heat. This allows the next subjacent stratum, 
which is much hotter, to rise and flash into a gaseous form ; 
and this process goes on till the ehnllition has descended 
from the middle to near the bottom of the funnel.* 

In many geological basins the deep subterranean waters 
are frequently inclosed over a surface of many square miles 
between impermeable beds of clay or hard rock, which no- 
where permit them to escape ; but if a hole be bored deep 
enough to reach a permeable bed, it is evident that th<‘y 
will then gush forth more or less violently, according to th<3 
degree of hydrostatic pressure which acts upon them. This 
is the simple theory of the Artesian Wells, so called from 
the French province of Artois, where, as far back as the 
beginning of the twelfth century, springs of water were arti- 
ficially obtained by perforating the soil to a certain depth in 
places where no indication of springs existed at the surface. 
The barbarous inhabitants of the Sahara seem, however, to 
have long preceded the Artesians in the art of Binking dec.^p 
wells ; for Olympiodorus, a writer who flourished at Alexan- 
dria about the middle of the sixth century, mentions pits 
sunk in the oasis to the depth of 200 or 300 yards, and 
poixring forth streams of water, used for irrigation. 

* Liebig’s ‘Annalen/ translated in ‘Reports and Memoirs of tlio Cavondiyli 
Society/ London, 1848, p, 351. ^ 
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By the aid of geological science, and of greater mechanical 
shill, Artesian bormgs* are at present frequently undertaken 
in civilised countries, wherever the nature of the ground 
promises success, and the want of water is sufficiently great 
to warrant the attempt. Sometimes the water is reached 
at a moderate distaiice from the surface, hut not seldom it 
has been found necessary to bore to a depth of 200 or 
HOO fathoms. Often efforts, even on this large scale, have 
proved vain, and the work has been abandoned in despair. 

One of the most remarkable instances on record of a suc- 
cessful sinking for water is that of the Artesian well of 
Gronelle, one of the Parisian suburbs. 
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The work was begun with an auger of about a foot in dia- 
m«>t(‘r, and the Imrings showed successively the alluvial soil 
and subsoil, and the tertiary sands, gravels, clays, lignite, &c., 
\udil the chalk was reaclu'd. The work was then carried 
on regularly through the hard upper chalk down to the 
lowi'r <-halk wiih greim grains, the dimension of the auger 
biung rtalueed at^ 500 f(>et to a tun(*-inch, and at 1,300 feet to 
a six-inch apm'ture. 'VVluui the calculated depth of 1,500 feet 
had Im'cu reached, iui<l as yet no result aqipeared, the Govern- 
ment began to be dislu’arhuuul. Still, upon the urgent repre- 
sentations of the cehdn’ated Arago,the sinking was continued, 
until at length, at the depth of 1,800 feet, the auger, after a 

• Hrt* Clmptunou Mihch in gimoml, for n short account of oarth-boring opera- 
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violent stock wMek made tte ground tremble, suddenly 
turned without an effort. ‘Either the auger is broken, or 
we have gained our end,’ exclaimed the director of the work ; 
and a few moments after, a large column of water gushed 
out of the orifice. It took more than seven years to accom- 
plish this grand work (1833-41), which was retarded by 
numberless difficulties and accidents. About half-a-millioii 
gallons of perfectly limpid water of a temperature of 82” 
Eahr. are daily supplied by the Puits de Q-renelle, and amply 
repay its cost (362,432 fr. 65 centimes = 14,500L) . 

The high temperature of Artesian springs, when rising' 
from considerable depths, has been turned to various prac- 
tical uses. Thus, near Canstadt, in Wurtemberg, several 
mills are kept in work, during the severest cold of winter, 
by means of the warm water of Artesian wells which ha« 
been turned into the mill-ponds, auid at Heilbronn several 
proprietors save the expense of fuel by leading Artesian 
water in pipes through their green-houses. In some 
localities the pure and constantly temperate Artesian waters 
are made use of for the cultivation of cress. The vigoi’ons 
growth of this salutary herb in the beds of rivulets, where 
natural springs gush forth, gave the idea of this applica- 
tion, which is so profitable that the cress nurseries of Erfui't 
yield a produce of 12,0001. a year. Eish ponds have also 
been improved by such warm springs being passed throu<>-h 
them. 


Among the localities benefited by the boring of Artesian 
wells, Venice deserves to be particularly noticed. Eor- 
merly the City of the Doges had no other supply of water 
but that which was conveyed by boats from, the Brenta, or 
obtained from the rain collected in cisterns. Hence the ’ioy 
of the inhabitants maybe imagined, when, in 1846, an Arte- 
sian boring in the Piazza San Paolo began to disgorge its 
water at the rate of forty gallons per minute, and when other 
Tindertakings of tie same kind proYed equally successful 
_ Wherever; well gushes forth iu the Sahara, it briugsHfo 
into the wilderness; the date-tree flourishes as far as its 
ertihsing waters extend, and the wandering Arab chano-el 
into a sedentary cultivator of the soil. Thus the boring of 
.irtesian wells on the desert confines of Souths Algeria has 



ARTESIAN WELLS IN ALGERIA. 


m 


been the means of wonderful impro Yemeni ; and if theFrencli 
have too often marked their dominion in Africa by a barbarous 
oppression of the Arabs, they, in this instance at least, appear 
in the more amiable light of public benefactors. 

A boring apparatus was first landed at Philippeville in 
A.pril 1866, and conveyed with immense difficulty to the Oasis 
Wad Rir at Tamerna. The work was begun in May, and on 
the 19th of June, a spring, to which the grateful inhabitants 
gave the name of the ^ Well of Peace, ^ gushed forth. Soon 
after another source was tapped at Tamelhat, in the Oasis 
Temacen, and received the name of the ^Well of God’s 
Blessing.’ 

The beneficent instrument of abundance was now con- 
veyed to the Oasis Sidi Pasched, fifteen miles beyond Tuggurt. 
Here the auger had scarcely reached a depth of 120 feet 
when a perfect stream gushed forth, which, according to the 
praiseworthy Arab custom, received the name of the ‘ Well 
of Thanks;’ The opening of this wonderful source gave 
rise to many touching scenes. The Arabs came in throngs 
to witness the joyful spectacle : each of them poured 
some of the water over his head, and the mothers bathed 
their children in the gushing flood. An qjd scheik, unable 
to conceal his emotion, fell down upon his knees, and shedding 
tears of joy, fervently thanked God for having allowed him 
to witness such a day. 

The next triumph was the boring of four wells in the 
desert of Morran, where previously no spring had existed. 
In the full expectation of success, everything had been pre- 
pared to turn this new source of wealth to immediate use, 
and part of a nomadic tribe instantly settled on the spot, 
and planted 1,200 date-trees. A dreary solitude was changed, 
as if by magic, into a scene of busy life. 

These few examples suffice to show the vast services which 
Artesian wells are destined at some future time to render to 
many of the arid regions of Africa. Both in the Sahara and 
in the basin-shaped deserts, which extend, under various 
names, from the Cape Colony to the neighbourhood of Lake 
Ngami, there are, beyond all doubt, numberless spots where 
water, the fertilising element, may be extracted from the 
bowels of the •earth. 

s 2 
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In the droughty plains of Australia also a vast sphere of 
utility is reserved to the Artesian wells. Here, also, they will 
subdue the desert, unite one coast to another by creating’ 
stations in the wilderness, and, with every new source which, 
they call to life, promote both material progress and intel- 
lectual improvement. 
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Volcanic Mountains — Extinct and Active Craters — Their Size — ^Dangerous Crater- 
explorations — Dr. Judd in the Eilauca Pit — Extinct Craters — Their Beauty — 
The Crater of Mount Vultur in Apulia — Volcanoes still constantly forming — 
Jorullo and Isalco — Submarine Volcanoes— Sabrina and Oraham’s Island — 
Santorin — Number of Volcanoes — Their Distribution — Volcanoes in a constant 
stateof Eruption — Stromboli — Fumaroles — The Lava Lakes in Kilauea — Volcanic 
Paroxysms— Column of Smoko and Ashes — Detonations — Explosion of Cones — 
Disastrous Elfocts of Showers of At-lies and Lapilli — Mud Streams — Pish 
disgorged Irom Volcanic Caverns — PJruption of Lava — Parasitic Cones — 
Phenomena attciidiug tiio Flow of a Lava Stream — Baron Papalardo — ^Meeting 
of Lava and Water — Scoriin^ — Lava and Ice— Vast dimensions of sev'ex*al Lava 
Streams^ — Scenes of Desolation — Volcijinoes considered as Safety-vmlves — ^Prob- 
able Causes of Volcanoes. 

Y OLCANOES arc vents wliicli cither have communicated, 
or still communicate, by one or several chimney-like 
canals or shafts, with a focus of subterranean fire, emitting, 
or having once emitted, heated matter in a solid, semi-liquid, 
or gaseous state. The first erux)tion of a volcano neces- 
saxily leaves a mound of scorim and lava, while numerous 
eruptions at length, raise mountains, which are frequently of 
an amazing (extent and height. These mountains, which are 
generally called volcu-noes, though in reality they are 
but an eftect of volcanici action situated far beneath 
their base, are called eziinet when for many centuries they 
have exhibited no signs of combuBtion-r- when, either 
perpetually or from time to time, eruptions or exhalations of 
lava, scoriiB, "or gases take place ft'om their summits, or from 
vents in their sides. Their shape is generally that of a 
more or less truncated cone ; but wlnlc some, like Cotopaxi 
or the Ptrakpf Tcneriffe, rise with abrupt declivities in the’ 
shape of a sugar- loal, others, like Mauna Loa iu the island of 
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Hawaii, gradually, and almost imperceptibly, ascend from a 
?ast base embracing many miles in circuit. 

Their heights also vary greatly. While some, like Madana 
in Santa Cruz, or Djebel Teir on the coast of the Red Sea, 
scarcely raise their summits a few hundred feet above the 
level of the ocean, others, like Chuquibaniba (21,000 feet) or 
Aconcagua (22,434 feet), hold a conspicuous rank among* 
the giant mountains of the earth. 

The summit of a volcano generally terminates in a central 
cavity or crater, where the eruptive channel finds its vent. 
Craters are sometimes regularly funnel-shaped, descending 
with slanting sides to the eruptive mouth, but more com- 
monly they are surrounded with high precipitous rock- walls, 
while their bottom forms a plain, which is frequently com- 
pletely horizontal, and sometimes of a considerable extent. 
Its surface is rough and uneven, from the mounds of volcanic 
Band, or scoriae, or of hardened lava with which it is covered, 
and generally exhibits a scene of dreadful desolation, rendered 
btill more impressive by the steam and smoke, which, as long 
tts the volcano continues in an active state, issues from its 
crevices. 

Within this p3ain the eruptive orifice or mouth of tlio 
volcano is almost nniversally surrounded by an elevation, 
composed of ejected fragments of scorise thrown from the 
vent. Such cones are forming constantly at Vesuvius, one 
being no sooner destroyed by any great eruption, before 
another begins to bake shape and is enlarged, till often it 
reaches a height of several hundred feet. 

Thus the crater of an active volcano is the scene of per- 
petual change — of a continual construction and re-construc- 
tion, and the sands of the sea do not afford a more striking 
image of inconstancy. 

The various craters are of very different dimensions. While 
the chief crater of Stromboli has a diameter of only fifty feet, 
that of Gnnong Tenger, in Java, measures four miles from end 
to end; and though the depth of a crater rarely exceeiln 

1.000 01 1,500 feet, the spectator, standing on the brink of 
the great crater of Popocatepetl, looks down into a gulf of 

8.000 feet. 

Prom the colossal dimensions of the larger craters, it may 
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well be imagined that their aspect -exhibits some of the siilj- 
limest though most gloomy scenery in nature — the piefiirt* i jf 
old Chaos with all its horrors. 

The volcano Gnnong Tjerimai, in Java, which rises to the 
height of 9,000 feet, is covered with a dense^vegetatioii np to 
the crater's brink. On emerging from the thicket, tiie 
wanderer suddenly stands on the verge of an immense excai- 
vation encircled with naked rocks. He is obliged to huitl 
himself by the branches of trees, or to stretch himself flat 
upon the ground, so as to be able to look down into tlie 
yawning gulf. The inaccessible bottom of the crater loses 
itself in misty obscurity, and glimmers indistinctly through 
the vapours slowly and incessantly ascending from its 
mysterious depths. All is desolate and silent, save when 
a solitary falcon, hovering over the vast chasm, awakes with 
her discordant screech the echoes of the precipice. Through 
a telescope may be seen, in various parts of the huge 
crater walls, swarms of small swallows, which have there 
built their nests, flying backwards and forwards. The wan- 
dering eye can detect no other signs of life, the attentive 
ear distinguish no other sound. 

Humboldt describes the view down the^craterof the Rueu* 
Pichincha — a volcano which towers above the town of Quite 
to a height of 15,000 fret — as the grandest he ever beheld 
daring all his long wanderings. Guided by an Indian, he 
ascended the mountain in 1802, and after scaling, with great 
difficulty and no small danger, its steep and rocky sides, he 
at length looked down upon the black and dismal abyss, 
whence clouds of sulphurous vapour were rising as from the 
gates of hell. 

The descent into the crater of an active volcano is at all 
times a difficult and hazardous enterprise, both from the 
steepness of its encircling rock walls, and the suffocating 
vapours rising from its bottom ; but it is rare indeed that a 
traveller has either the temerity or the good fortune to pene- 
trate as far Us the very month of the eruptive channel, and to 
gain a glimpse of its mysterious horrors- When M. Honsel 
visited Mount Etna in 1769, he ventured to scale the cone 
of stones and ashes which had been thrown up in the centre 
of tlie crater, where thirty years before there was only a 
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prodigious ciasin or gulf. On ascending this inoTTiid, which 
emitted smoke from every pore, the adventurous travtdlt'r 
sunk about mid-leg at every step, and was in constant danger 
of being swallowed up. At last, when the suniinit wa.s 
reached, the looseness of the soil obliged him to thrt>w him- 
self down flat upon the ground, that so he might h(s in h>Hs 
danger of sinking, while at the same time the sulphurous 
exhalations arising from the funnel-shaped cavity thrcatoiual 
suffocation, and so irritated his lungs as to prothu^o a very 
troublesome and incessant cough. In this posture the traveller 
viewed the wide unfathomable gulf in the middle of llm 
crater, but could discover nothing except a clotid of smoke, 
which issued from a number of small apertures 8<uiitt‘red all 
around. Prom time to time dreadful sounds issued from the 
bowels of the volcano, as if the roar of artillery were r.*- 
bellowed throughout all the hollows of the mountiliii. Th-y 
were no doubt occasioned by the explosions of pent-up gani-H 
s nking against the sides of these immense caverns, and imd- 

ipie y eir echoes in an extraordinary manner. After the 

hrst unavoidable impression of terror had been overcome, 
^LemS^T whicdi 

sec“L ^ his 

• naturalist, who, in 1841 descended 

nighfeuTiict-''^+^v”^^’ well- 

ttrbS^;:aT:2:‘ 

ledge *<> ■* 

carry out his idea, his attentior, was preparing to 

sinking of its surface 5 the next insTnVrn^®'^ a sudden 
then followed an explosion throw’ i-n ^ and 

head. He had scame y ^han his 

Wed ep. covered ktptee let w 

over the northern side, eitended in a st”! flowing out 
a distance of more tXl dlVX“” “ 
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In extinct volcanoes^ the picture of desolation originally 
shown by their craters has not seldom been changed into 
one of charming loveliness. Tall forest-trees cover the 
bottom of the Tofna crater in TJpolu, one of the Samoan 
group ; and in the same island, a circular lake of crystal 
purity, belted with a girdle of the richest green, has formed 
in the depth of the Lanuto crater. 

The lakes of Averno near Naples, and of Bolsena, Bracciano, 
and Eonoiglione, likewise fill the hollows of extinct craters, 
constituting scenes of surpassing beauty, rendered still more 
impressive by the remembrance of the stormy past which 
preceded their present epoch of tranquillity and peace. Mr. 
Mallet describes, with glowing colours, the singular beauty 



of the forest scenery around the two extinct craters of Mount 
Yultur in Apulia, which time has converted into two deep 
circular lakes. 

^ I descend amongst aged trunks and overarching boughs, 
and pass over masses of rounded lava-blocks and cemented 
lapilli. All is quietude ; the soft breeze of a quiet winter’s 
afternoon fans across the embosomed water, from the early 
wheat-fields -and the furrowed acres of the opposite steep 
slopes, and brings the gentle ripple lapping amongst the 

roots of the old hazels at my feet. 

^ Off before me, and to my left, crowning tlie slope, are the 
grey ruins of some ancient church or castle, and far above me 
to the right, nestled against the lava crags, behind and 
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above it, standing ont white and clear, I see the strong but- 
tressed mass of the monastery of St. Michael. How hard it 
it is to realise that this noble and lovely scene, full of every 
leafy beauty, was once the innermost bowl of a volcano ; that 
every stone around me, now glorious in colour with moss 
and lichen, sedum and geranium, was once a glowing mass, 
vomited from out that fiery and undiscovered abyss, which 
these placid waters now bury in their secret chambers.’ 

The line of demarcation between active and extinct vol- 
canoes is not easily drawn, as eruptions have sometimes 
taken place after such long intervals of repose as to warrant 
the belief that the vents from which they issued had long 
since been completely obliterated. Thus, though nearly six 
centuries have passed since the last eruption of Epomeo in 
the island of Ischia, we are not entitled to suppose it extinct, 
since nearly seventeen centuries elapsed between, this last 
explosion and the one which preceded it. Since the begin- 
ning of the fourteenth century Vesuvius also enjoyed a long* 
rest of nearly three hundred years. During this time the 
crater got covered with grass and shrubs, oak and chestnut 
trees grew around it, and some warm pools of water alone 
reminded the visitor of the former condition of the mountain, 
when, suddenly, in December 1631, it resumed its ancient 
activity, and seven streams of lava at once burst forth from 
its subterranean furnaces. 

While, in many volcanic districts, such as that of the Eifel 
on the left bank of the Rhine, and of Auvergne in Central 
France, the once active subterranean fires have long since 
been extinguished, and no eruption of lava has been recorded 
during the whole period of the historic ages, new volcanoes, 
situated at a considerable distance from all previously active 
vents, have arisen froin the bowels of the earth, almost within 
the memory of living man. From the era of the discovery of 
the New World to the middle of the last century, the country 
between the mountains Toluca and Colima, in Mexico, had 
remained undisturbed, and the space, now the site of Jorullo, 
which is one hundred miles distant from each of the above- 
mentioned volcanoes, was occupied by fertile fields of .sugar- 
cane and indigo, and watered by two brooks. In the month 
of June 1769, hollow sounds of an alarming nature were 
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beard, and earthquakes succeeded each other for two monfbs. 
until, at the end of September, flames issued from the gruui«l, 
and fragments of burning rocks were thrown to prodigiv-ns 
heights. Six volcanic cones, composed of scoriae and I'rag- 
mentary lava, were formed on the line of a chasm, running 
in the direction of bT.E. to S.W. The leasfc-of the cones was 
300 feet in height, and JoruUo, the central volcano was 
elevated 1,600 feet above the level of the plain. The ground 
where now, in Central America, Isalco towers in proud 
eminence, was formerly the seat of an estancia or cattle- 
estate. Towards the end of the year 1769 the inhabitants 
were frequently disturbed by subterranean rumblings and 
shocks, which constantly increased in violence until, on 
February 23, 1770, the earth opened, and pouring out 
quantities of lava, ashes, and cinders, gave birth to a new 
volcanic mountain. 

Besides those volcanic vents which are situated on tbe 
dry land, there are others which, hidden beneath the surface 
of the sea, reveal their existence by subaqueous eruptions. 
Columns of tire and smoke are seen to rise from the dis- 
coloured and agitated waters, and sometimes new islands 
are gradually piled up by the masses of scoriae and ashes 
ejected from the mouth of the submarine volcano. In this 
manner the island of Sabrina rose from the bottom of the 
sea, near St. Michael’s in the Azores, in the year 1811 ; and 
still more recently, in 1831, Graham’s Island was formed in the 
Mediterranean, between tbe coast of Sicily and that project- 
ing part of the African coast where ancient Carthage stood. 
Slight earthquake shocks preceded its appearance, then a 
column of water like a water-spout, 60 feet high and 800 yards 
in circumference, rose from the sea, and soon afterwards dense 
volumes of steam, which ascended to the height of 1,800 feet. 
Then a small island, a few feet high with a crater in its 
centre, ejecting volcanic matter, and immense columns of 
vapour, emerged from the agitated waters, and in a fortnight 
swelled to the ample proportions of a height of 200 feet, and 
a circumference of three miles. But both Sabrina and 
Graham’s Island, being built of loose scorim, were soon cor- 
roded by the waves, and their last traces have long smce 
disappeared under the surface of the ocean. 
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ITear Pondiclierry, in India ; near Iceland, in the Atlantic 
Ocean ; half a degi’ee to the south of the equator in the pro- 
longation of a line drawn from St. Helena to Ascension; 
near Juan Fernandez, &c., similar phenomena have occurred 
with i n the last hundred years, hut probably nowhere on 
a grander scale^ than in the Aleutian Archipelago, where, 
about thirty miles to the north of TJnalaska, near the isle of 
Omnack, a new island, now several thousand feet high and 
two or three miles in circumference, was formed in 1796. 
The whole bottom of the sea between this new creation of 
tlie volcanic powers and Umnack has been raised by the 
eruptive throes which gave it birth ; and where Cook freely 
sailed in 1778, numberless cliffs and reefs now obstruct the 
passage of the mariner. 


The famous subaqueous volcano which, in the year 186 
before the Christian era, began its series of historically 
recorded eruptions, by raising the islet of Hiera (the 
‘ Sacred ’) in the centre of the Bay of Santorin, opened two 
new vents in 1866. Amid a tremendous roar of steam and 
the shooting up of prodigious masses of rock and ashes, tw'o 
islets were formed, which ultimately rose to the height of 
60 and 200 feet. Tfhe eruption continued for many months, 
to the delight and wonder of the numerous geologists who 
came from all sides to witness the instructive spectacle. 
Thus, in many parts of the ocean, we see the submarine vol- 
canic fires laying the foundations of new islands and archi- 
pelagos, which, after repeated eruptions following each other 
m the course of ages, will probably, like Iceland, extend over 
a considerable space and become the seats of civilised man 
As a very considerable part of the globe has never yet 
teen scientifically explored, it is of course impossible to 
determme the exact number of the extinct and active vol- 
canoes which are scattered over its surface. Werner gives a 
IS of 193 volcanoes, and Humboldt mentions 407, of which 

( f Dr^Ss'^of 1 ?^ if computation 

f 672 f increases the number to a total 

cov2s t f fr geographical dis- 

coveries wdl, no doubt, make further additions to the list 

.how that at l.a.t ttoagi a thoosaod ^ ’ 

* ‘ Die vulcanisehen Erseheinungen der Erde.’ Leipzig, "l 865 , 
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the subten-anean fires have, at various periods of the earth’s 
hisfcor j, piled up their cones of scorise and lava. 

The volcanoes are very nneqnaDy distributed over the sur» 
face of the globe, for, while in some parts they are thickly 
clustered together in groups or rows, we find in other parts 
vast areas of land without the least sign of volcanic action. 

An almost uninterrupted range of volcanoes extends in a 
sinuous line from the Gulf of Bengal, through the East 
Indian Archipelago, the Moluccas, the Philippines, Eormosa, 
Japan, and the Kuriles, to Kamtschatka. This desolate 
peninsula is particularly remarkable for the energy of its 
subterranean fires, as Ermann mentions no less than twenty- 
one active volcanoes, ranged in two parallel lines through- 
out its whole length, and separated from each other by 
a central range of mountains, containing a large and un- 
known number of extinct craters. 

In Java, where more than thirty volcanoes are more or 
less active, the furnaces of the subterranean world are still 
more concentrated and dreadful. 

The immense mountain-chains which run parallel to the 
western coast of America are likewise crowned with nume- 
rous volcanic peaks. Chili alone has fourteen active vol- 
canoes, Bolivia and Peru three, Quito ^eleven. In Central 
America we find twenty-one volcanoes, which are chiefly 
grouped near the Lake of Nicaragua, and to the west of the 
town of Guatemala. 

The peninsula of Aljaska, and the chain of the Alelites, 
possess no less than thirty-six volcanoes, scattered over a 
line about 700 miles long; and thus we find the eastern, 
western, and northern boundaries of the Pacific encircled 
with a girdle of volcanic vents, while the subterranean 
fires have left the western shores of the Atlantic com- 
peratively undisturbed. 

With the exception of Iceland, which is famous for the 
widely devastating eruptions of its burning mountains, the 
volcanic energies of Europe are at present limited to the 
submarine crater of Santorin, and to the small area of Etna, 
Vesuvius, and the Lipari Islands. But, situated in the 
centre of the ancient seats of civilisation, and for so many 
centuries the object of the naturalist’s researches, of the 
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traveller’s curiosity, and of the poet’s song, they snipass 
in renown all other vofcanic regions in the world. Most 
other volcanoes vent their fury over lands either so wild or 
so remote that the history of their eruptions almost souinhs 
litre a legend from another planet 5 hut thousands of ns have 
visited Etna and Vesuvius, and the explosion of their rage 
menaces towns and countries which classical remem branees 
have almost invested with the interest of home. 


Some volcanoes are in a continual state of eruption. Tsalco, 
horn, as we have seen, in 1770, has remained ever since so 
active as to deserve the name of the Earo (lighthouse) of Sa.n 
Salvador. Its explosions occur regularly, at intervals of from 
ten to twenty minutes, and throw up a dense smoke and 
clouds of ashes and stones. These, as they fall, add to tlu) 
height and bulk of the cone, which is now about 2,500 feet 
high. For more than two thousand years the fires of 
Stromboli have never been extinct, nor has it ever failed to 


be a beacon to the mariner while sailing after nightfall 
though the Tyrrhenian Sea. Mr. Poulett Scrope” who 
visited Stromboli in 1820, and looked down from the CKlgo of 
the crater into the mouth of the volcano, some 300 feet 
beneath him, found^the phenomena precisely such as Spallati- 
zani described them in 1788. ^Tvvo rude openings show 
themselves among the black chaotic rocks of scoriform lava 
which form the floor of the crater. One, is to aj^poarancc*, 
empty, but from it there proceeds, at intervals of a fow 
minutes, a rush of vapour, with a roaring sound, like that of 
a smelting furnace when the door is opened, but infinitely 
louder. ^ It ksts about a minute. Within the other aper- 
ture, which is perhaps twenty feet in diameter, and but a few 
yards distant, may be distinctly perceived a body of molten 
matter, having a vivid glow even by day, appr<>n,cliiag to 
that of w^e heat, which rises and falls at intervals of from 
ten to ^een minutes. Each time that it reaches in its 

bubble bursting, and discharges upwards an explosive volume 

of fragments of incandescent 
lava and raped scorise, which rise to a height of several 
hundred feet above the lip of the crater.’ 

The volcanoes of Masaya, near the lake of the same name 
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in Nicaragua ; of Sion, in the Moluccas ; and of Tofua, in the 
Friendly Islands, are also, like Stromboli, in a state of per- 
manent eruption. But far more commonly the volcanoes burst 
forth only from time to time in violent paroxysms, separated 
from each other by longer phases of moderate activity, 
during which their phenomena are confined ta the exhalation 
of vapours and gases, sometimes also to the ejection of scorise 
or ashes ; to the oscillations of lava rising or subsiding in the 
shaft of the crater, to the gentle outflow of small streams of 
lava from its eruptive cone, and to slight commotions of its 
border. A continual or periodical exhalation of steam and 
erases from the shaft of the crater or from chasms and fis- 
sures in its bottom, is the commonest phenomenon shown by 
an active volcano while in a state of tranquillity. Aqueous 
vapours compose the chief part of these exhalations, and 
along with other volatile substances, such as sulphuretted 
hydrogen, sulphurous acid, muriatic acid, and carbonic acid, 
form the steam-jets or fumaroles, which escape with a 
hissing or roaring noise from all the crevices and chasms of 
the crater, and, uniting as they ascend in a single vapour- 
cloud, ultimately compose the lofty column of steam which 
forms so conspicuous a feature in the picturesque beauty of 
Etna or Vesuvius. High on the summit of Mauna Loa, 

' where all vegetation has long since ceased, the warm steam 
of the fumaroles gives rise to a splendid growth of ferns in 
crevices sheltered from the wind ; and on the island of 
Pantellaria, the shepherds, by laying brushwood before the 
fumaroles, condense the steam, and thus procure a supply of 
water for their goats. 

The gentle fluctuations of lava in a crater while in a state 
of moderate activity are nowhere exhibited on a grander 
scale than in the pit of Hilanea on Mauna Loa. The 
moimtain rises so gradually as almost to resemble a plain, 
and the crater appears like a vast gulf excavated in its 
flanks. The traveller perceives his approach to it by a few 
small clouds, of steam, rising from fissures not far from his 
path. While gazing for a ' second indication, he stands 
unexpectedly upon the brink of the pit. A vast amphitheatre 
seven miles and a half in circuit has opened to view. 
Beneath a gray rocky precipice of 650 feet, a narrow plain 
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o.f hardened lava extends, like a vast gallery, around the 
vyhole interior. Within this gallery, below another similar 
precipice of 340 feet, lies the bottom, a wide plain of bare 
rock more than two miles in length. Here all is black 
monotonous desolation, excepting certain spots of a blood- 
red colour, which appear to be in constant yet gentle 
agitation. 

When Professor Dana visited Kilauea (December 1840), 
he was surprised at the stillness of the scene. The incessant 
motion in the blood-red pools was like that of a cauldron, 
in constant ebullition. The lava in each boiled with such 
activity as to cause a rapid play of jets over its surface. 
One pool, the largest of the three then in action, was 
afterwards ascertained by survey to measure 1,600 feet in 
one diameter and 1,000 in another; and this whole area 
was boiling, as seemed from above, with nearly the mobility 
of water. Still all went on quietly. Not a whisper was heard 
from the fires below. White vapours rose in fleecy wreaths 
from the pools and numerous fissures, and above the large 
lake they collected into a broad canopy of clouds, not un- 
like the snowy heaps or cumuli that lie near the horizon on a 
clear day, though their fanciful shapes changed more rapidly. 

On descending" afterwards to the black ledge or gallery 
at the verge of the lower pit, a half-smothered gurgling- 
sound was all that could be heard from the pools of lava. 
Occasionally, there was a report like that of musketry, whicH 
died away, and left the same murmuring sound, the stifled 
mutterings of a boiling fluid. 

Such was the scene by day — awful, melancholy, dismal — 
but at night it assumed a character of indescribable subli- 
mity. The large cauldron, in place of its bloody glare, now- 
glowed with intense brilliancy, and the surface sparkled 
•with shifting points of dazzling light, occasioned by the jets 
in constant play. The broad canopy of clouds above the 
pit, which seemed to rest on a column of wreaths and curling 
heaps of lighted vapour, and the amphitheatre of rocks 
around the lower depths, were brightly illuminated from tli^^ 
boiling lavas, while a lurid red tinged the distant parts oT 
the inclosing walls and threw their cavernous recesses into 
deeper shades of darkness. Over this scene of restless fires 
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and glowing vapours, tlie heavens by contrast seemed unnatul 
rally blade, with only here and there a star, like a dim point 
of light. 

A paroxysmal eruption is generally announced by the 
intensification of the phenomena above described. Slio-bt 
earthquakes are felt in the neighbourhood of the volcano, 
and follow each other in more rapid succession and with 
greater violence as the catastrophe draws near. A deep 
noise like the rolling of thunder, or like the roar of distant 
artillery, is heard under the ground ; the white steam from 
the crater ascends in denser clouds, which soon acquire a 
darker tinge 5 and now the bottom of the crater suddenly 
bursts with a terrific crash, and with the rapidity of light- 
ning an immense column of black smoke shoots up into the 
air, and expanding at its upper end into a broad horizontal 
canopy, assumes a shape which has been compared with that 
of the Italian pine, the graceful tree of the South. As the 
column of smoke spreads over the sky, it obscures the light 
of the sun atid changes day into night. Along with the 
smoke, showers of glowing lava are cast high up into the 
air, and, rising like rockets, either fall back into the crater 
or rattle down the declivity of the cone. ^ 

At night the scene assumes a character of matchless 
grandeur, when the column of smoke — or, more properly 
speaking, of seorim, vapour, and impalpable dust — is illu- 
minfitod by the vivid light of the lava glowing in the crater 
beneath. It then appears as an immense jjillar of fire, rising 
'vv^ith stevady majesty in the midst of the uproar of all the 
elements, and ever and anon traversed by flashes of still 
greater brilliancy from the masses of liquid lava hurled forth 
by the volcano. 

The detonations which accompany an eruption are some- 
times beard as single crashes, at others as a rolling thunder 
or as a continuous roaring. They are frequently audible at 
an astonishing distance, over areas of many thousand square 
miles, and with such violence that they may be supposed to 
proceed, from the immediate^ neighbourhood. Thus, during 
the eniption of Cosiguina in Nicaragua, which took place in 
the year 1834, the detonations were heard as loud as a 
thunders tor nf in the neighbourhood of Kingston in Jamaica, 

F 
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and even at Santa de Bogota, wliicli is a thousand miles 
distant from the volcano. With the increase of steam gene- 
rated during an eruption, the quantity of ejected scoriae like- 
wise increases in an astonishing manner, so that the volcano’s 
mouth resembles a constantly discharging mine of the most 
gigantic dimensions. 

The stones and ashes projected during a volcanic eruption 
vary considerably in size, from blocks twelve or fifteen feet 
in diameter to the finest dust. Both their immense quantity, 
and the force with which they are hurled into the air, slxo'w 
the utter insignificance of the strength displayed by the 
most formidable engines invented by man when compared 
with elementary power. Huge blocks are shot forth, as frojn 
the cannon’s mouth, to a perpendicular elevation of 6,000 feet, 
and La Condamine relates that in 1533 Cotopaxi hurled stones 
of eight feet in diameter in an oblique direction to tlui 
distance of seven mfies. The lighter scorijB, carried far- 
away by the winds, not seldom bury whole provinces under 
a deluge of sand and ashes; and their disastrous effects, 
spreading over an immense area, are frequently greater than 
those of the lava-streams, whose destructive power is neces- 
sarily confined ip a narrower space. To cite but a few exam- 
ples, the ram of sand and ashes which in 1812 menaced the 
Island of St. Vincent with the fate of Pompeii soon buried 
every trace of veptation, and the affrighted planters ami 
negioes fled to the town. But here also the black sand 
along with many larger stones, fell rattling like hail upon 
the roofs of the houses, while at the same time a tremendoms 
jibterranean thunder increased the horrors of the scone. 

venBarbadoes, though eighty miles from St. Vincent’s, was 
covered with ashes. A black cloud, approaching from the 
sea, brought with it such pitchy darkness that in t m 
rooms It was impossible to distinguish the windows and o 

fi^ ^ 

of ashes caused in April 1815 by the eruption of 
\ Sumbawa, not only devastated the greater 

part of the island, but extended in a westerly direcSl 
Java, and to the north, as far as Celeber i'+p i 
intensity that it became perfectly dark at noCn. Thero^fa 
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of houses at the distance of forty miles were broten in by 
the weight of the ashes that fell -aporL them. To fche west 
of Sumatra the surface of the sea was coyered two feet deep 
with a layer of floating pumice or scorim, through wMcli 
ships with difficulty forced their way. 

By the terrific eruption of Cosiguina in* the Gulf of 
Fonseca, in Central America, in 1835, all the ground with- 
in a radius of twenty-five miles was loaded with scoriae 
to the depth of ten feet and upwards, while the lightest and 
finest ashes were cairied by the winds to places more than 
700 miles distant. Eight leagues to the southward of the 
crater they covered the ground to the depth of three yards 
and a half, destroying every sign of life. Thousands of 
cattle perished, their bodies being in many instances one 
mass of scorched flesh. Deer and other wild animals sought 
the towns for protection; birds and beasts were found 
suffocated in the ashes, and the neighbouring streams were 
polluted with dead fish. 

When we consider the amazing quantity of stones and 


ashes ejected in these and similar instances by volcanic 
power, we cannot wonder that considerable mountains have 
frequently been piled up by one single eruption. Thus in 
the Bay of Baise near hTaples, Monte ISTuovo, a hill 440 feet 
high, and with a base of more than a mile and a half in 
circumference, was formed, in less than twelve hours, on 
September 29, 1538 ; and near Bronte, on the slopes of Etna, 
a few days gave birth to Monte Minardo, which rises to 
the still more considerable height of 700 feet. It would be 
curious to calculate how many thonsands of workmen, and 
what length of time, man would need to raise mounds like 
these, produced by an almost insfcantareous effort of nature. 

In other cases the expansive power of the elastic vapours, 
which east up these prodigious masses from the bowels of 
the earth, is such as to blow to pieces the volcanic cone 

through which it seeks its vent. ^ ^ , n tt 

In Quito there is an ancient tradition that Capac lire , 

wMcli means ‘ the chie^’ was once tte highest "I™”” ^ 
the e,».tor, being higher than ‘‘ 

beginning of the fifteentli century a prodigious eruption took 
plfce wliicli Iwroke it down. The fragments of trachyte, say 

F 2 
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Mt. Boussingault, wMcL once formed the conical summit of 
this celebrated mountain^ are at this day spread over tin) 
plain. On August 11, 1775, the Pepandajan, in Java., 
formerly one of the highest mountains of tire island, broke 
out in eruption ; the inhabitants of the country around pre- 
pared for flight, but, before they could escape, the grcatcu' 
part of its summit was shivered to pieces and covered tlu^ 
neighbourhood with its ruins, so that in the upper part of 
the Gurat valley forty villages were coinxoletely buried. 
During the dreadful eruption of 1815, the Temboro, in 
Sumbawa, is said to have lost at least one-third of its height 
from the explosion of its sumnait, and similar instances a,r<^ 
mentioned as haring occurred among the volcanoes of 
Japan. 


In the year 1688 a colossal cone called the Peak, in the 
Isle of Timor, one of the Moluccas, was entirely destroyed by 
a paroxysmal explosion. The whole mountain, which 
before this continually actiFe, and so high that its light was 
visible, it IS said, three hundred miles ofP, was blown up and 
replaced by a concavity now containing a lake. 

Again, according to M. Moreau de Jonnes, in 1718 on 
March 6-7, at St. Yincent’s, one of the Leeward laics, 
shock of a ternfac earthquake was felt, and clouds of ashes 
were dnyen into the air, with violent detonations, from «. 
mountain situated at the eastern end of the island. Wlieu 
the ernption had ceased, it was found that the whole mountain 
had disappeared like the baseless fabric of a dream 

The disasteous effects ofthe showers of sand, pumice and 

lapilli ejected by a volcanic eruption are increased by the 
transporting power of water. The aqueous vapours whik 
are evolved so copiously from volcanic craters during erun 

of'scojfanfkk" ^ sf ^eqnently to the dischark 

oi scoriae and lava, are condensed as they ascend in the coM 

atmosphere surrounding the, high volcLic peak and t 
clouds thus formed, being in a state of high electricd +p ■ 
give rise to terrific thunderstorms. The hir 
all directions from ILa Li i itjbtxpiig flashes iii 

»m, .weeping a. light Ll anZeSJwhrtj;' 
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carry down witlx tliem from tlie air, .or meet witlx oix tlieir 
way, produce cuiTents of mud, often more dreaded than 
sti^eams of lava, from the far greater velocity witlx which 
they move. 

It ixot seldom happens that the eruptions of volcanoes 
idsiiig above the limits of pei'petual snow are preceded or 
accompanied by the rapid dissolution of the ice which clothes 
their summits or their sides, owing to the high tempei'ature 
imparted to the whole mass of the mountain by the vast 
conflict raging within. Thus in Januaiy 1803 one single 
night sufficed to dissolve or sweep away the enormous bed of 
snow which in times of rest covers the steep cone of 
Cotopaxi (18,858 feet high), so that on the following moxuxing 
the dark mountain, divested of its brilliant robe, gave 
waiuiing to the affrighted neighbouihood of the terrific scenes 
that were about to follow. The volcanoes of Iceland, which 
mostly rise in the midst of vast fields of perpetual ice, fre- 
quently exhibit iJiis plionornenon. On October 17, 1758, the 
eruptive labotiring of Kotliugia gave birth to thx’ee enormous 
torrents, which carried along with them such masses of 
glacier fragments, sand, and stones as to cover a space fifty 
miles long and twcmty-five miles broad. JBlocks of ice as 
large as houses, and partly bearing immense pieces of stone 
on their backs, wei'C hurried along b}" the floods ; and soon 
after the eruption took place with a terrific noise. 

A very singular phenomenon sometimes occurs in the 
gigantic volcanoes of the Aixdes. By the infiltration of wniter 
into the crevices of the trachytic rock of which they are 
(‘omposed, the caverns situated at their declivities or at their 
foot are gra,dtially changed into subterraxxean lakes or ponds, 
which frequetitly communicate by nain-ow apertures with the 
Alpine bx'ooks of the higlihuxds of Quito. The fish from 
these brooks live and multiply in the subterranean I'esei-- 
voirs thus foraiC(l,*n,nd when the earthquakes wdiich xwcede 
(ivery eruption of the Andes chain shake the whole mass 
of the volcano, the caverns suddenly open and discharge 
enormous quantities of water, mud, and small fish. 

When in the night between the the H)th ard 20th of Juno 
1008, the summit of Oarguairazo (18,000 feet high) was blown 
up, so that of the whole cx*ater-rim but two enormous peaks 
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remained, tlie iniinda.ted fields were covered, over a surface of 
nearly fifty square miles^ with fiiuid tuff and. clay-mud en- 
veloping thousands of dead fish. Seven years before, 
malignant fever which prevailed in the mountain- town ol 
Ibarra to the north of Quito was attidbuted to the effluvia 
arising from the putrid fish ejected by the volcano of Im- 
baburu. 

Amidst all these terrible phenomena — the dreadful noise, 
the quating of the earth, the ejection of stones and ashes— 
wliich, often continuing for weeks or months, shake the 
deepest foundations of the volcano, fiery streams of liquid 
lava gush forth sooner or later as from a vase that is boiliufg 
over. Their appearance generally indicates the crisis of tluj^ 
subten'anean revolution, for the rage of the elements, -which 
until then had been constantly increasing, diminishes a.H 
soon as the torrent has found an outlet. The lava rarely 
issues from tbe summit crater of the mountain ; much inoro 
frequently it flows from a lateral rent in the volcano’s sid<s 
which, weakened and dislocated in its texture by’^ repeated 
shocks, at length gives way to the immense j)ressuro of the 
lava column boiling within. From the vast size of 
eruptive rents, may form some idea of the gigantic i)Ower 
of the forces which give them birth. 

Thus during the great eruption of Etna in 1669, the 
south-east flank of the mountain was split open by an 
enormous rent twelve miles long, at the bottom of wliich 
incandescent lava was seen. The extreme length of the 
fissure which gave lateral issue to the lava of Kilauea in 
1840 was twenty- five miles, as could dictinctly be tracts 1 
through the disturbance of the surface rocks above; and in 
the terrific eruption of Skaptar Jokull, which devastated the 
west coast of Iceland in 1783, lava gushed forth from 
several vents along a fissure of not less than 100 miles in 
length. In some cases the whole mass of the volcano has 
been cleft in two. Vesuvius was thus rent in October 1822 
by an enormous fissure broken across its cone in a direction 
N. W.— S,E. 

Here and there along the line of such a rent, cones of 
eruption are thrown up in succession at points where the 
gaseous matter obtains the freest access to the* surface, ax\d 
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lias power to force up lava and scoriae. Few indeed^ if any, 
of the greater volcanic mountains are unattended Ly such 
minor elevations,* clustering about its sides like the satellites 
of a planet. Professor Dana found Mauna Loa covered with 
numerous parasitic cones, and Mr. Darwin counted several 
thousands on one of the Gallapagos Islands. . On the flanks 
of Etna, according to Professor Sartorius von Waltershausen, 
more than 700 of them are to be seen; almost all possessing 
craters, and each marking the source of a current of lava. 
Though they appear but trifling irregularities when viewed 
from a distance as subordinate parts of so imposing and 
colossal a mountain, many of them would nevertheless be 
deemed hills of considerable height in almost any other 
region. The double hill near Nicolosi, called Monte Eossi, 
formed in 1669, is 450 feet high and two miles in cir- 
cumference at its base; and Monte Minardo, near Bronte, 
on the east of the great volcano, is upwards of 700 feet in 
height.^ 

^ On looking down from the lower borders of the desert 
region of Etna,’ says Sir Charles Lyell, ^ these minor volcanoes, 
which are most abundant in the woody region, present us 
with one of the most delightful and characteristic scenes in 
Europe. They afford every variety of height and size, and 
are arranged in beautiful and picturesque groups. However 
uniform they may appear when seen from the sea, or the 
plains below, nothing can be more diversified than their 
shape when we look from above into their craters, one side 
of which, as we have seen, is generally broken down. There 
are indeed, few objects in nature more picturesque than a 
wooded volcanic crater. The cones situated in the higher 
parts of the forest zone are chiefly clothed with lofty pines, 
while those at a lower elevation are adorned with chestnuts, 
oaks, and beech-trees.’ 

As the point where a lava-cui^rent finds a vent is often 
situated at a considerable distance below the surface of the 
liquid column in the internal chimney of the volcano, the 
pressure from above not seldom causes the lava to spout 
forth in a jet, until its level in the crater shaft has been 
reduced to that of the newly-formed orifice. Thus, when 

* See p. 67 
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Vesuvius was rent Tby the dreadful poroxysmal eruption of 
1794, the lava was seen to shoot up in magnificent fountains 
as it issued from the openings along the fissure. 

Turther on, the lava flows down the mountain’s side 
according to the same laws which regulate the movements 
of any other stream, whether of water, mud, or ice : more 
rapidly down an abrupt declivity, slower wdiere the slope is 
more gradual; now accumulating in narrow ravines, then 
spreading out iix plains ; sometimes rushing in fiery cascades 
down precipices, and where insurmountable obstacles oppose 
its progress, not seldom breaking off into several branches, 
each of which pursues its independent course. 

At the point where it issues, the lava flows in perfect 
solution, but, as its surface rapidly cools when exposed to the 
air, it soon gets covered with scoriae, which are dashed over 
each other in wild confusion, by successive floods of liquid 
stone, so as to resemble a stormy sea covered with ice-blocks. 
But the liquefied stone not only hardens on its external 
surface ; it also becomes solid below, where it toxxches the 
colder soil, so that the fluid lava literally moves along in a 
crust of scoria, which lengthens in the same proportion as 
the stream advances. 


The movements of the lava-current are of course consider- 
ably retarded by the formation of scori®, so that, unless 
where a greater inclination of the soil gives it a new impulse, 
it flows slower and slower. Thus the lava-stream which was 
ejected by Etna during the great eruption of 1669, performed 
the first thirteen Italian miles of its course in twenty days, 
or at the average rate of 162 feet per hour, but required no 
less than twenty-three days for the last two miles. While 
moving on, its surface was in general a mass of solid rock ; 

its mode of advancing, as is usual with lava streams, was 
by the occasional Assuring of the solid walls. Yet in spite 
of the tardiness of its progress, the inhabitants of Catania 
watched its advance with dismay, and rushed into the 
churches to invoke the aid of the Madonna and the Saints 
One citizen only, a certain Baron Papalardo, relied more 
upon his own efforts than upon supernatural assistance, and 
set out with a party of fifty men, dressed in skins to protect 
hem horn the heat, and armed with iron erowsrand hooks 
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for tlie purpose of brealciufSf open one of tbe solid walls of 
scoriiB that flanked the liquid current^ so as to divert it from 
the menaced city. A passage was thus opened for a rivulet 
of melted matter, which flowed in the direction of Paterno; 
but the inhabitants of that town being alarmed for their safety, 
took up arms against Papalardo, whose fift)^ workmen would 
liardly have hecn able to cope with the powers of nature. 
Tims, slowly but irresistibly, the lava advanced up to the 
walls of Catania, which being formed of huge Cyclopean 
blocks, and no less than sixty foot high, at first stemmed the 
fiery stream. But the glowing floods, pressing against the 
rampart, rose higlu^r aird higher, and finnlly reaching its 
summit, rushed over it in fiery cataracts, and destroying 
part of the town, at length disgorged themselves into the sea, 
where they formed a not inconsidei'able promontorj’'. 

A truly gigantic conflict might naturally be expected from 
the meeting of two such x>owerful and hostile bodies as fire 
and water. This, howev(n ’3 is by no means the case, for as 
Boon as ih(^ lava enters the sea, the rapid evaporation of 
the water that comes into immediate contact with it accele- 
rates the cooling oftlu^ surface and thickens the hard external 
crust to su(*li a di^grcic that very soon all communication is 
cut oft* lKdw(um tin? water a.nd the fiery mass. While the 
lava continues to advance from the land, the crnst of scoriee 
is prolongt'd in the same pi'oportion, and should it be rent 
here and iherc^ sleani is at onciC developed with such violence 
as to prevent all further acex^ss of the water into the ixiterior 
of the fissur(‘s. Thus Breislak informs us that, in 1794, the 
<nmpiion of a lava-stream into the Bay of Naples, near Torre 
did (lrtM‘ 0 , fook plac<i with, the greatest tranquillity, so that 
he himwdf was nhh to obstTViii th(,i advancing of the lava into 
thi^ sini whili^ sealed in a. boat immediately near it, without 
bidug disttirbiMl by explosions or amy ofchcr violent plieno- 
memm. 

As ihe crust of si‘oriai is m bad a conductor of heat, it 
o<*c* 4 isions a ycn^y slow cooling and hardening in the interior 
of ihe lava-strenan, forming as it were a vessel in which the 
liqtiid fin^ can be retaituHl and preserved for a long time. 
Wlum Bliij de Bea.nmont visited the lava-stream of Etna, 
tiearly two years after its eruption in 1832, its interior was 
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still SO warm that he conld not hold his finger in the hot 
steam issuing from its crevices. It has also been proved^, cui 
trustworthy evidence^, that after twenty-five and thirty yeai's, 
many lava-streams of Etna still continued to emit heat and 
steam ; and after twenty-one years it was possible to light a 
cio*ar in the crevices of the lava that issued from Jorullo in 
1759. 

Another extremely curious effect of the scorim being such 
bad conductors of heat is^ that masses of snow will remain 
unmelted though a lava-stream rolls over them. Thns^ in 
1787, the lava of Etna flowed over a large deposit of snow, 
which, however, was by no means fully liquefied, but I'cmained 
for the greatest part entire, and gradually changed into a 
granular and solid mass of ice. This was traced in 1828, by 
the geologist Gemellaro, for a distaaice of several Imndrt'd 
feet mider the lava, and most likely still reposes under it a.B in 
an ice-cellar. The cliffs which form the vast crater-ring of tluj 
Isle of Decej)tion, in the extreme Southern Atlantic, arc like- 
wise composed of alternate layers of ice and lava. Probal>ly 
in both these cases the ice-beds have been covered, before.^ 
L'he lava flowed over them, by a rain of scoriso and volcanic 
sand, which is so well known among the shepherds in tlu^ 
higher regions ofUtna as a bad conductor of caloric, that, to 
obtain a supply of water for their herds during the summer, 
they cover some snow a few inches deep with volcanic sand, 
which entirely prevents the penetration of solar heat. 


Most of the recent lava-streams evolve from all their im- 
sures and rents a quantity of vapour, so as to be dotted with 
innumerable fumaroles, and to exhibit, as they flow along, a 
smoking surface by day and a luminous one by night. At 
first these fumaroles are so impetuous that they frequcuitly 
puff up the lava-crust around their orifices into little cones or 
hillocks, consisting of blocks of scorim irregularly piled un 
over each other, and from whose summit the vapours con- 
tinue to ascend. As the mass cools, they are natunxlly less- 
ened in numbers and in power; but in 1803 Humboldt still 
saw fumaroles from twenty to thirty feet high' rising from 
the smaU cones which covered by thousands the great lava 
stream of Jornllo of the year 1759. ^ 

The vast dimensions of single lava-streams give proof of 
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the enormous powers wliicli forced them out of the bowels 
of the earth. The lava-stream of Yesuvius which destroyed 
Torre del Greco in 1794, is 17,600 Trench feet long, and 
when it reached the town was more than 2,000 feet wide and 
forty feet deep. While this mighty mass of molten stone, 
the volume of which has been reckoned at about 457 millions 
of cubic feet, was descending towards the sea, another stream, 
whose mass is computed at about one-half of that of the for- 
mer, was flowing in the direction of Mauro. This single 
eruption has therefore furnished more than 685 millions of 
cubic feet of lava, equal to a cube of 882 feet, in which at 
least a dozen of the largest churches, palaces, and pyramids 
on earth might conveniently find room. If to the solid lava 
we add the astonishing quantities of scorise, sand, and ashes 
thrown out by this same eruption, we may form some idea of 
the masses of matter which were in this one instance ejected 
from the interior of the earth. 

The volume of ihc lava-stream which flowed from the vol- 
canoe of tlio Isle of Bourbon in the year 1787 is estimated at 
2,526 millions of cubic feet 5 but even this astonishing ejection 
of molten stone is surpassed by that which took place during 
the eruption of Skaptar Jokull’^’ in 1783, yhen the lava rolled 
on to a length of fifty miles, and, on reaching the plain, 
expanded into broad lakes, twelve and fifteen miles in 
diameter aaid a hundred feet deep. 

In the great erui)tion of Manna Loa, which commenced 
on the 80th of May, 1840, the lava began to flow from a 
small pit-crater called Avarc, about six miles from Kilanea. 
The light was seen at a distance, but, as there was no popu- 
lation hi t.hiit direction, it was supposed to proceed from a 
jungle on fire. The next day another outbreak was perceived 
farther towards the coast, a, nd general alarm prevailed among 
the nativ(?B, now awa.re of the impending catastrophe. Other 
openings followed, and by Monday the 1st of June tlie largo 
flow had begtin, which formed a continuous stream to the 
sea, which- it reached on the 3rd. This flood issued from 
several fissures along its whole course, instead of being an 
overflow of lava fi'om a single opening ; it started from an 

* A ao^•llIl6d acjcount of this orwpfcion, ono of the most dreadful on record, is 
gifou m ^ The Polar World,’ chap. vi. p. 81. 
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elevation of 1,244 feet, as determined by Captain Wilkes, at 
a point twenty-two miles distant from tbe first outbreak, and 
twelve from the shore. The scene of the flowing lava, as we 
are told by those who saw it, was indescribably magnificent. 
As it rolled along it swept away forests in its course, at times 
parting and inclosing islets of earth and shrubbery, and at 
other times undermining and bearing along masses of rock 
and vegetation on its surface. Finally, it plunged into the 
sea with loud detonations, and for three weeks continued to 
disgorge itself with little abatement. 

The light which it emitted converted night into day over 
all eastern Hawaii. It was distinctly visible for more than 
one hundred miles at sea, and at the distance of forty miles 
fine print could be read at midnight. As previous to the 
eruption, the whole vast pit of Kilauea had been filled to tlio 
brim with the lava, which, bursting through the flanks of the 


mountain, thus found a vent towards the sea, we have some 
means of estimating the volume of the ejected masses in tho 
actual cubic contents of the emptied pit. The area of the 
lower pit, as determined by the surveys of the American 
Exploring Expedition, is equal to 88,500,000 square feet. 
Multiplying this by 400 feet, the depth of the pit after the 
eruption, we have 15,400,000,000 cubic feet for the solid 
contents of the space occupied by lava before the eruption, and 
therefore the actual amount of the material which flowed 
from Kilauea. This is equivalent to a triangular range 800 
feet high, two miles long, and over a mile wide at base ! 

Though generally symptoms of violent disturbance, such as 
shakings ^of the earth and loud thundering noises, precede 
the eruption of lava, yet this is not always the case. Tims 
the craters of Mount Kea have frequently disgorged tlieir 
masses of molten stone without such accompanyino* phe- 
nomena. In 1843, when the volcano poured out a flood of 
lava, reaching for twenty-five miles down its side, all took 
place so quietly that persons at the foot of the mountain 
were unaware of it, except from the glare of light after the 
action had begun. Through its progress no sounds were 
heard below, nor did it cause any perceptible vibrations 
except in the region of the outbreak, and there none of 
mueli violence. 
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The lava sometimes cools dowa with a smooth, solid, nndn- 
lating surface, marked with rope-like lines and concentrio 
folds, such as are seen on any densely viscid liquid if drawn 
out as it hardens ; but much moi^e frequently it appears 
as if shattered to a chaos of ruins. The fragments vary 
from one to hundreds of cubic feet, or from a half-bushel 
measure to a house of moderate size. They are of all shapes, 
often in angular blocks, and sometimes in slabs, and are 
horribly rough, having deep recesses everywhere among 
them. The traveller shudders as his path leads him over a 
lava-field, thus bristling with myriads of spikes, where the 
least false step would precipitate him into the deep cavities, 
among the jagged surfaces and edges. This scene of horrid 
confusion often extends for miles in every direction, and, 
viewed from its central part, the whole horizon around is 
one wide waste of gray and black desolation, beyond the 
power of words to describe. 

The breaking up of a lava-field into chaotic masses evi- 
dently proceeds from a temporary cessation, either complete 
or partial, and a subsequent flow of a stream of lava. The 
surface cools and hardens as soon as the stream slackens ; 
afterwards there is another heaving of^the lava, and an 
onward move, owing to a succeeding ejection or the removing 
of an obstacle, and the motion breaks up the hardened crust, 
piling the masses together, either in slabs or huge angular 
fragments, according to the thickness to which the crust 
had cooled. If the motion of a lava-stream be quite slow, 
the cooling of the front of it may cause its cessation, thus 
damming it up and holding it back, till the pressure from 
gradual accumulation behind sweeps away the barrier. 
It then fl.ows on again, carrying on its surface masses of 
the hardened crust — some, it may be, to sink and melt 
again, but the larger portion to remain as a field of clinkers. 
The breaking-up of the ice of some streams in spring gives 
some idea of the manner in which the hardened masses of a 
lava-field are piled up as it moves along ; but to form a just 
idea of the greatness of the effect, the mind must bring 
before it a stream, not of the scanty limits of most rivers, but 
one, not unfrequently, of several miles in breadth : besides, 
in ifiace of Slabs of pure and clear ice, there should be sub- 
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stituted shaggy heaps of-hlack scoriae^ and a depth oi thick- 
ness of many yards in place of a few inches. 

Where volcanic mnd-streams have flooded the land, or a 
rain of ashes and hght scoriae has descended upon tlu^ 
soil, its fertility may soon be restored under the infltienco of 
a sunny sky ; but as far as the lava reaches, a stony wilderness 
often remains for ages, pai'ticularly in the colder legions of 
the earth. Thus, though many of the lava-fields of Iceland 
have existed long before the first Scandinavian colonistB 
settled in the land, their surface is generally a.s naked as 
when they first issued from the volcano ; and where signs of 
vegetation may be seen among their fragments, the eye 
finds nothing to relieve the horrid monotony of the secure 
but spare patches of lichen and mosses, or hero and tlume 
some dwarf herb or sbrub that hardly ventures to peep forih 
from the crevice in which it has found a shelter. But in a 
milder climate, such as that of Italy, and still inorci rapidly 
in the torrid zone, the horrid nakedness of alava-field undtn*- 
goes a more rapid transformation, provided a suflicituit 
moisture favours the growth of plants. The rains promotiJ 
the decomposition of the lava, and a rank vegetation biiccuhhIh, 
which in its tuni^issists the work of decomposition, and thus 
hastens the accumulation of soil. Perns and grassi'S spring 
up in the nooks and crevices, and finally the vino or thes 
taro flourish luxuriantly, for nothing can exceed tlio fertility 
of a disintegrated lava-field. 

Volcanoes have frequently been considered as safety- valves, 
which, by affording a vent to subterranean vapours, preBervi?i 
the neighbouring regions from the far more disastrous and 
wide-spreading effects of earthquakes ; and facts aro not 
wanting which seem to justify this opinion. After tho soil 
had trembled for a long time throughout the whole of Syria, 
in the Cyclades, and in Eubooa, the shocks suddenly ceascnl 
when, in the plains near Chalcis, a stream of ^glowing mml ^ 
(lava from a crevice) issued from the bowels of tlicir earth. 
Strabo, who relates this incident, adds that siaeo the 
craters of Etna have been opened, through which fire ascendB, 
the land on the sea-coast is less subject to earth qtiakcs than 
at the time when all vents on the surface were stopped up.^ 

Before the earthquake which destroyed fiixe town of 
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Riobainlia, tlic smoke of the volcano of Pasto, which is 200 
miles distant, disappeared. The Neapolitans and Sicilians 
consider the eruptions of Vesiivius and Etna, or even a more 
lively activity of these volcanoes, as a certain preservative 
a<;fiiinst devastating earthquakes, and we meet with the 
same Iwdiid’ aanong the inhabitants of Quito and Peru. But 
in many cases this fancied security has proved to be delusive, 
as very viohmt <Muth(piak(is have not seldom been found to 
ii,<‘(‘ompa,ny vokainic eruptions. The great Chilian earth- 
(iuak(! of IH;’)-!) coincidi'd with an ei'uption of Antueo ; and 
the sluHdvS which agii;ated all Kamtschatka and the long 
chain of the Ktirilhin Islands, in 1737, occurred simultaneously 
with an ('ruption of Kliutschewskaja Skopa. 

Proft'saor Dana doubts whether action so deep-seated as 
ihat of the oarthqualco must be, can often find relief in the 
narrow chaimela of a volcano miles in length. He points 
out the exa.tui>le of Mauna Loa, where lavas are frequently 
])our('d out from tlu'. stimmit crater, at an elevation of more 
than 10,000 fin^t ahove Kilanoa, so that the latter, notwith- 
standing its extent, the size of its great lakes of lava, and 
the friMMlom of the incessant ebullition, is not a safety-valve 
that can protect even its own immediate neighbourhood. 

Tn his opinion volcanoes might more fitly be called indexes 
of danger. Tiny point out those portions of the globe which 
are most subject to earthquakes, and are results of the same 
causes that render a country liable to such convulsions. 

The idiciunnena attending on eruption can leave no doubt 
thiit hedow every active volcano a large subterranean cavity 
niusi. <'xist in whi<‘h melted lava accumulates. The partisans of 
ilu^ theory whi(‘h RU]»poses the earth to consist of a central 
tluid muss with a S(did shell resting upon it, attribute the 
formalion of volcanoi'S to rente or fissTires in this crust through 
which the lava is cast forth; but the local development of 
heat by clunnical action, or some other unknown cause, is 
quite sufficient to juteount for the existence of fiery lakes im- 
b<*ddi>d in a solid mass, and which, though insignificant when 
compart'd with th(' surface of the globe, may still be large 
t'nttngh to prodneo vokainic phenomena on the grandest scale. 

'riui cause of the nsaction of such a reservoir against the 
surface of the earth must in all probability be sought for in 
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the expansive force of steam ; for when water, penetrating" 
through crevices or porous strata, comes in contact with 
the heated subterranean mass, it is evident that the steam. 
thus generated must press upon the lava, and, when formed 
in sufficient quantity, ultimately force it up the duct of the 
volcano. In other cases, we may suppose a continuous 
column of lava mixed with liquid water raised to a red-hot, 
or white-hot temperature under the influence of pressxire. 
A disturbance of equilibrium may first bring on aar erui)tiou 
near the surface, by the expansion and conversion into gas 
of the entangled water, so as to lessen pressure. More 
and more steam would then be liberated, bi’inging up with it 
jets of liquid rock, and ultimately ejecting a continuouH 
stream of lava. Its force being spent, a period of rest suc- 
ceeds, until the conditions for a new outburst (accumulation 
of steam and melted rock) are obtained, and another cycle of 
similar changes is renewed. The important part which water 
plays in volcanic action is moreover sufficiently proved by the 
enormous quantity of steam which is poured forth during 
every eruption, or is constantly escaping in the fumaroles of 
a crater. The various gases (carbonic, muriatic, sxxlphurous) 
which are likewise exhaled by volcanoes may also have been 
rendered liquid by pressure at great depths, and may assist 
the action of water in causing eruptive outbursts. The great 
number of active volcanoes on sea-coasts and in islands like- 
wise points to the agency of water in volcanic operations ; 
and in the few eases where eruptive cones are Situated far 
inland, their situation on the borders of a lake, or their 
cavernous and porous structure, accounts for the absorption 
of a quantity of atmospheric water, sufficient for the produc- 
tion of volcanic phenoinena. 
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DESTEUCTION OP HEROTTLANEUM AND POMPEII. 

State of Vesurins before tho eruption in the year a.d. 79--Spartaras — Premonitory 
EaHhqnakos-— Letter of Pliny the Youngor to Tacitus, relating the death of his 
Undo, Pliny the Elder— -Bcnovolonco of the Emperor Titus— Herculaneum and 
Pompeii buried under a muddy alluvium— Herculaneum first discovered in 
1713, 

O F all the volcanic eruptions recorded in history there is 
none more celebrated than that which, on the 23rd of 
August, A. n. 79, buried the towns of Herculaneum and Pompeii 
under a deluge of mud and ashes. Many other eruptions 
have no doubt been on a grander scale, or may have spread 
ruin and desolation over a wider area, but tiever has a vol- 
cano, awakening from the slumber of a thousand years, de- 
vastated a more smiling paradise than the fields of happy 
Campania, or buried more beautiful cities. 

Before that terrible catastrophe, Mount Vesuvius, now con- 
stantly smoking, even in times of rest, had, ever since the first 
colonisation of South Italy by the Greeks, exhibited no signs 
of volcanic activity. Even tradition knew of no previous dis- 
turba-nce. No subterranean thunder, or sulphurous streams, or 
cast-up ashes, gave token of the fires slumbering beneath its 
basis; and the real natAiro of the apparently so peaceful 
mountain could only be conjectured from the similarity of 
its structure to other volcanoes, or from the ancient lava- 
streams that furrowed its abrupt declivities. At that time 
also its shape* was very different from its present form, for 
instead of two apices, it exhibited, from a distance, the re- 
gular outlines of a sh,arp>ly truncated cone. Plutarch relates 
that rough rock walls, piled round its summit, and overgrown 
with wild vines, inclosed the waste of the crater, 

u 
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When, in 73 b.o., Spartaeus, with seventy of his comrades, 
broke the fetters of an insupportable slavery, he fouiid a 
secure retreat in this natural stronghold, which could only be 
sealed by a single narrow and difficult path. By degress 
10,000 fugitive slaves gathered round his standard, and Rome 
began to tremble for her safety. The prsetor Clodius led an 
army against the rebels, and surrounded the mountain ; but 
Spartaeus caused ropes to be made of the branches of wild 


vines, by means of which he, with the boldest of his followers, 
was let down from the rocks, where they were supposed to be 
totally inaccessible, and, falling unawares upon the prmtor, 
put his troops to flight and took his camp. The declivities 
of the mountain, thus become historically renowned, were 
covered with the richest fields and vineyards, and at its foot, 
along the beautiful Bay of Naples, lay the flourishing towns 
of Herculaneum and Pompeii, the seats of luxury and refine- 
ment. Who could, then, have imagined that this charming 
scene was so soon to be disturbed in so terrible a manner, 
and that the time was nigh when the ancient volcanic 
channels from which, in nnknown ages, lava-streams and 
ashes had so frequently broken forth, were once more to ho 
re-opened ? Tlia first sign which announced the awakonin«- 
energies of the volcano was an earthquake, which, in a.d. (iSb 
devastated the fertile regions of Campania. Prom that tim<‘ 
to the jowning disaster of 79, slight tremors of the earth 
frequently occui-red, until, finafly, the dreadful eruption took 

place which Phny the Younger so vividly describes in liis 
celebrated letter to Tacitus. ® 

‘My uncle,’ says the Roman, ‘was at Misenum, where he 

m tie affemoon, mj mothet iafomed him that a clood of an 
TIB common size and form was seen to arise TTa "h a 
hWt (according to the cn,t„„ of the ancient « 

SSdtahiT ■“■5 ^tadied.’ H 

distance; its ari«ino- from ascertained on account of the 
known. " “ subsequently became 
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.‘In some parts it -was white, in others black and spotted, 
from the ashes and stones which it carried along. To my 
nncle, being a learned man, the phenomenon seemed impor- 
tant, and worthy of a closer investigation. He ordered a 
light ship to be got ready, and left it to my option to accom- 
pany him. I answered that I preferred studying, and by 
chance he himself had given me something to write. He 
was on the point of leaving the house when he received a 
letter from Eesina, the inhabitants of which, alarmed at the 
impending danger — ^the place lay at the foot of the mountain, 
and escape was only possible by sea — begged him to help 
them in their great distress. He now changed his plan, and 
executed as a hero the undertaking to which he had been 
prompted as a natural philosopher. 

‘ He ordered the galleys of war to set sail, and embarked 
to bring help, not only to Eesina, but to many other places 
along the coast, which, on account of its loveliness, was very 
densely peopled. 

‘ He hastens to the spot from which others are taking flight, 
and steers in a direct line towards the seat of danger, so uncon- 
cerned as to dictate his observations upon all the events and 
changes of the catastrophe, as they passed before his eyes. 

‘ Already ashes fell upon the ship, hotter and thicker on 
approaching, and also pumice and other stones blackened and 
burnt by tire. Suddenly a shallow bottom, and the masses 
ejected by the eruption, rendered the coast inaccessible. He 
hesitated for a moment whether he should sail back again, 
but, soon resolved, said to the steersman who advised him to 
do so, “ Fortune favours the bold ; steer towards the villa of 
Pomponianus.” This friend resided at Stabise, on the opposite 
aide of the bay, where the danger, although as yet at some 
distance, was still within sight, and menacing enough. 
Pomponianus had therefore caused his effects to be conveyed 
on board a ship, intent on flight so soon as the contrary wind 
should have abated. As soon as my uncle, to whom it was 
very favourabfe, has landed, he embraces, consoles, encourages 
his terrified friend, takes a bath to relieve his fears by his 
own confidence, and dines after the bath with perfect com- 
posure, or, what is no less great, with a serene countenance. 

‘ Meanwhile high columns of flame burst forth from Vesu- 
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vius in varions places, tlieir brilliancy being increased by tlie 
darkness of tbe niglit. My nncle, with tbe intention of re- 
lieving apprehension, said that they proceeded from tbe villas 
wbicb, abandoned by tbeir terrified proprietors and left a 
prey to tbe flames, were now burning in solitude. He then 
retired and slept soundly, for bis attendants before the door 
heard him fetch his breath, which, on account of his corpu- 
lence, was deep and loud. But now tbe court, into which 
the room opened, became filled to such a height with ashes 
and pumice that by a longer delay he would not have been 
able to leave it. They awaken him, he rises, and greets 
Pomponianus and the others who had watched. They con- 
sult together, whether to remain in the bouse or to flee into 
the open air, for tbe ground trembled frOxU the repeated and 
violent shocks of tbe earth, and seemed to reel backwards 
and forwards. On tbe other hand, they feared in the open 
air tbe falling of the pumice-stones and cinders. On com- 
paring these two dangers, flight was chosen : and, as a pro- 
tection against the shower of stones, they covered their heads 
with cushions. Everywhere else the day was already far 
advanced, but the blackest night still reigned at Stabim. 
Provided with torches, they resolved to seek the shore, in 
order to ascertain whether they could venture to embark, 
but the sea was found to be too wild and boisterous. 

" My uncle now lay down upon a carpet, and asked for 
some cold water, of which he repeatedly drank. The flames 
and their sulphurous odour drove away his companions, axid 
forced him to rise. Leaning on two slaves, he tried to move, 
but immediately sank down again, suffocated as I believe by 
the dense smoke, and by the closing of his larynx, which was 
by nature weak, narrow, and subject to frequent spasms. 
On the third morning after his death the body was found 
without any marks of violence, covered with the clothes ho 
had worn, and more like a person sleeping than a corpse.' 

Thus perished, in his fifty-sixth year, one of the greatest 
naturalists and noblest characters of ancient Rome, the 
phnosopher to whom we are indebted for the first general 
description of the world— a work which, in spite of its nume- 
rous imperfections and errors, is one of the most interesting 
monuments of classical literature. * 
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When the rage of the volcanic powers had subsided, the 
sun, now no longer obscured by clouds of ashes, shone upon 
a scene of utter desolation, where nature, embellished by art, 
had, but a few days before, appeared in all her loveliness. 
The mountain itself had changed its form, and rose with 
new j)eaks to the skies ; a thick layer of stones and dust had 
settled with the curse of sterility on the fields ; thousands of 
homeless wretches wandered about disconsolate, and three 
towns — Pompeii, Herculaneum, Stahias^ — had disappeared, to 
be brought to light again in a wonderful manner after the 
lapse of many centuries. 

This great catastrophe gave the Emperor Titus a fine 
opportunity for displaying the benevolence which entitled 
him to be called Hhe delight of mankind.’ He immediately 
hastened to the scene of destruction, appointed guardians of 
consular rank to distribute among the needy survivors the 
property of those who had perished without heirs; and 
encouraged the weak-hearted, assisting them by liberal 
donations, until a no less terrible misfortune recalled him to 
Home, where a fire, which laid almost half the town in ashes, 
was followed by a plague, which, for some time, daily swept 
away thousands. 

It has often been asked how so many of the relics buried 
in Herculaneum and Pompeii could have been so perfectly 
pi'eserved as to form a Museum of the Past for the admira- 
tion and instruction of future ages. A sti^eam of lava would 
undoubtedly have consumed everything on its fiery track, hut, 
fortiuiately for posteidty, it was not a flood of molten stone, 
but a current of mud, which overwhelmed the devoted cities. 
Wo learn from history that a heavy shower of sand, pumice, 
and lapilli was ejected from Yesnvius for eight successive days 
and nights, in the year 79, accompanied hy violent rains, 
and thus all these volcanic matters were converted into mud- 
stviauns, which, rushing down the sides of the mountain, 
descended upon Herculaneum and Pompeii. This circum- 
si-au(ie satisfactorily explains how the interior of the buildings, 
with all the underground vaults and cellars, was filled up, 
and how all the objects they concained could be as perfectly 
moulded as in a plaster cast by the muddy alluvium, which 
subsequently luirdeiuul into pumice tuff. Hence this wonder- 
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ful preservation of paintings, wMcli, shielded from the 
destructive influence of the atmosphere, still retained their 
original freshness of colour when again brought to light 
hj a late generation; these rolls of papyrus which it has 
been found possible to decipher ; this perfect cast of a 
woman’s form,* with a child in her arms ! 

No lava has flowed over Pompeii since that city was buried, 
but with Herculaneum the case is dilferent. Although the 
substance which fills the interior of the buildings in that 
doomed city must have been introduced in a state of mud 
like that found in similar situations in Pompeii, yet tlio 
superincumbent mass differs wholly in composition and 
thickness. 

•Herculaneum was situated several miles nearer to the 
volcano, and has, therefore, been always more liable to bo 
covered, not only by showers of ashes, but by alluvium and 
streams of lava. Accordingly, masses of both have accumu- 
lated on each other above the ancient site of the city, to it 
depth of nowhere less than 70, and in many places of 1 1 2 
feet; while the depth of the bed of ashes under whitdi 
Pompeii lies buried seldom exceeds 12 or 14 feet above the 
houses, and it is even said that the higher part of the 
amphitheatre always projected above the surface. 

Yet, strange to say, Herculaneum, though far more pro- 
foundly hidden, was discovered before Pompeii, by the 
accidental circumstance that a well sunk in 1713 came 
right down upon the theatre where the statues of Her’cuh^s 
and Cleopatra were found. Many others were afterwards 
dug out and sent to Prance by the Prince of Elboeuf, who, 
having married a Neapolitan princess, became proprietor of 
the field under which the theatre lies buried. Purther exca- 
vations were, however, forbidden by G-overnment, and only 
resumed in 1736. But the difficulty of removing the largo 
masses of lava accumulated above the city, and the circum- 
stance of its partly lying xmder the modern towns of Portici 
and Resina, have confined the exploration of Herculaneum 
within narrow limits. The large theatre alone is open for 
inspection, and can be seen only by torchlig-Rt, so that its 
dark galleries, cut through the tuff, are but seldom visited 
by strangers; while no traveUer leaves Naples without 
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having wandered tlu-ough. th.e i-nins of Pompeii, for Italy 
hardly affords a more interesting sight than that of these 
streets and forums, these theatres and temples, these houses 
and villas, which require but the presence of their ancient 
inhabitants to complete the picture of a Roman town, such 
as it was eighteen hundi-ed years ago. 
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CHAPTBE Vni. 


GAS SPEIIS-GS AND 5^DD VOLCANOES. 

Carbonic Acid Springs— Grotto del Cane — Tlie Valley of Death in tTava— Bxaggd* 
mted Descriptions— Carbnretted Hydrogen Springs— The Holy Fires of Bahu — 
Description of the Temple— Mnd Volcanoes — The Macaliiba in Sicily^ — Crimean 
Mud Volcanoes — Volcanic Origin of Mud Volcanoes. 

ri1HE numerous gas springs whicli in many countries aro 
J- evolved fi'om an unknown depth, afford ns a convinc- 
ing proof that the remarkable chemical trausforinatioiiH 
of which we find so many traces in the past history of our 
planet are still perpetually taking place in naany of tho 
mysterious crevices and hoUows of the earth-rind. In 
Auvergne, the Vivarrais, the Eifel, and alongr tho wholo 
basaltic range from the Rhine to the Eiesengebirge in 
Silesia, carbonic acid gas is exhaled in incredible quaiitities 
from the vast laboratories of the subterranean world. 

Professor Bischoff found that a single gas si>ring near 
Burghrohl daily produced 5,650 cubic feet of carbonic acid 

the greit Artesian spring at Hauheim evolves every iniimte 
( 1 cnbio feet of carbonic eeid, equal to a weiglit of b%o 0(ll| 
po^ds annually. If from these t™ i.sta.la rte ,.2 
the produce of the mauy carbonic acid gaa eoji l f 

the world, in many parts of which carbonic acid t>va1. .1 t 
escapes in stiU greater quantities, we can form some idi'I 
of the geological importance of these snrino-s , i ■ ? T 
exercise no small influence nnon fh! a ^ 
the incalculable massL of 

const^tly ponrtng fro': 222: ren2 2thTaf''“ 
•pUeric ocean are again absorbed by millions of'Xt. 
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feed tlie forests and tlie fields ; and thus these chemical 
changes, which are incessantly but imperceptibly modifying 
the earth-rind, ultimately tend to the advantage of man. 

As a light dipped in carbonic acid gas is immediately 
extinguished, and every animal inhaling it is liable to instant 
suffocation, these properties are sometimes made use of for 
cruel experiments, for which, among others, the insignificant 
Grotto del Cane, in the kingdom of Naples — a cave or hole in 
the side of a mountain near the Lake Agnano — ^ha,s become 
notorious. Some miserable dogs are thrust into the stratum 
of fixed air which covers the bottom of the hole, and are 
alternately almost choked and resuscitated to satisfy the 
idle curiosity of tourists. Their violent efforts to escape, 
when about to be plunged into the poisonous vapour, prove 
the horrible cruelty of the practice. 

The carbonic-acid springs in the glen of the Brohl,asmall 
rivulet flowing into the Rhine, near Andernach, are turned 
to a better purpose, for the manufacture of white lead. 

The famous ‘Valley of Death,’ or Poison Valley, in the 
Island of Java, is nothing more than a funnel-shaped hollow, 
measuring about 100 feet in diameter at the top, and with a 
bare space in its centre fifteen feet broad and long, which is 
frequently covered with a stratum of carbonic acid gas. The 
sides of the hollow, and even the bottom, with the exception 
of the above-mentioned naked spot, are everywhere clothed 
with shubbery, or even with forest trees. 

The dead bodies of stags, tigers, wild boars, and birds, are 
said to have been frequently found in the hollow ; but Dr. 
Junghuhn, the author of a classical work on J ava, saw in 1838 
but one human corpse lying on its back in the centre of the 
bare spot. It was still there in 1840, and hut slightly de- 
composed. In 1845 it had been removed, most^ likely by 
some compassionate wanderers desirous of giving it a decent 
burial, for not the slightest trace of the skeleton remained. 
During the years 1838, 1840, and 1815 Junghuhn visited the 
Valley of Death no less than thirteen times. When he last 
saw it, the bodies of six wild hogs were lying at the bottom, 
all more or less in a state of putrefaction. The crows that 
were feasting upon their remains proved that a descent 
might be effected without danger, for, on seeing them hop- 
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ping about on tbe nak^d soil, even the Javanese entered the 
circle ■without hesitation. Not a single trace of carbonic 
acid was to be perceived, not even when the bold naturalist 
stretched himself out upon the ground and drew his breatli 
in the crevices and rents with which it was furrowed. Ifro- 
bablj the gas" never rises more than three feet above the 
level of the soil, as at this height a luxuriant vegetation 
begins. 

This simple description of an accurate observer forms a 
strange contrast to the gross exaggeration of other travellers, 
whose accounts, copied in many hand-books, have pu fifed up 
a phenomenon hardly superior to that of the Grotto del Cane 
into something like an eighth wonder of the world. Loudon, 
who in July 1830 visited the Pakamaran (as the natives call 
the pit), swells its dimensions to a vast crater about half 
a mile in circumference, thickly strewn with sheletons of 
men, tigers, game, and birds of all kinds ; and another 
recent traveller goes so far as to give it an extent of twenty 
miles. 

Next to carbonic acid, but of far less general occurrence, 
carburetted hydrogen, which gives rise to the wonderful 
phenomenon of^ fiery springs, is the gas most frequently 
evolved by volcanic spiracles. 

Near Pietra Mala, between Bologna and Plorence, on a 
spot about twelve feet in diameter, several flames rise from 
the earth, the largest of which ascends to a height of five 
feet, and is seen burning at night with a pale yellow flame, 
while its minor satellites around are blue tipped with white. 
No doubt many a terrible legend is attached to this infernal 
spectacle. Near Barigazzo, between Modena and Pistoja, 
near the ruins of Velleji, and in many other parts of the 
volcanic region of the Apennines, similar flames gush out of 
the ground. The neat little town of Fredonia, in the State 
of New York, on the eastern shore of Lake Erie, is lighted 
hj natural springs of carburetted hydrogen, which, being led 
into a gasometer, feed the seventy or eighty lamps of the town. 
The thiifty and practical Chinese, who have preceded us in 
so many useful discoveries, have for centuries made a like 
use of the many gaseous emanations in the provinces of 
Yunnan, Szutschuan, Kuangsi, and Schansi, by leading the 
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inflammable air in pipes, wliereyer they want it for lighting 
or cooking. 

But there is no place in the world more remarkable for its 
burning springs than Baku, on the western coast of the 
Caspian Sea, where the holy and eternal fires are worshipped 
by the pious Parsees as the special symbol of the Almighty. 

liike most of the cloisters and convents of the Orient, 
which are exposed to the incursions of plundering hordes, 
Aleschga, the temple dedicated to the worship of fire, is a 
fortified square inclosing a large courtyard, and capable of 
being defended from the terraced roof. The outer wall 
forms at the same time the back of the cells, which front the 
yard. Over the entrance gate, which is situated to the 
north, rises a high bastion or tower, serving as an additional 
defence, from the summit of which the visitor enjoys after 
sunset the fantastic view of the flames which, untarnished 
by smoke, rise on all sides from rents and crevices in the 
neighbouring steppe, and wave their bright summits to and 
fro like tongues of fire. In the centre of the court stands 
a square tower supported by four columns, and inclosing a 
basin-like excavation, three or four feet in diameter, into 
which the gas is conducted by a pipe ffoi^ sources beyond 
the walls of the temple. Pour chimneys at the four corners 
of the tower are fed in a similar manner. Prom the centre 
of the tower rises a trident, called TMrsul, The Parsees 
relate that the Devil once got possession of the earth, and 
reigned with despotic fury. But man in his distress prayed 
to the Almighty, and an angel came down and planted this 
identical trident in the earth as a token that the dominion 
of his Satanic Majesty had ceased. Bound the court are 
twenty-two cells, like those of a Catholic convent. They are 
very small, and, with the exception of a ragged rug, wholly 
without furniture ; but each of them is provided with a 
gas-pipe, which can be opened or closed at pleasure, and 
furnishes light and warmth to the inmate. Near the temple 
a well has been dug fifty feet deep, in which the gas accumu- 
lates in larger quantities. Koch Wanderungen im Oriente,^ 
1848-4) tells us that he here enjoyed a sight more won- 
derful and surprising than any he had ever witnessed before. 
A carpet wa's spread over the mouth of the well to prevent 
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tlie gas from escaping. After a few mimites, a pimst seized 
a bundle of brushwood, in which a piece of buiniug papci 
had been stuck, and flung it into the well, after quickly 
removing the carpet. The strangers had previously been 
warned to keep at some distance, and the priest and his^ 
assistants likewise ran off as fast as they could. About halt 
a minute after the fire-brand had been cast into the pit, a 
terrific explosion took place, and a va st column of fire, ixitlio 
shape of an inverted cone (from the gas spreading out as 
soon as it emerges from the pit , ascended to the skies. 

How long the fires of Baku may have been burning is un- 
known, but it is very probable that they did not exist befoic 
the Christian era. No Greek or Roman author mentions them, 
and it is not before the tenth centui’y that Arab writers 
take notice of Baku and its wonders. When the Sassan- 
ides restored the religion of Zoroaster, the attention of 
these fire-worshipping princes was naturally directed to a 
place where fire gushes pure and unbidden from the earth. 
They raised a temple on the spot, and thousands of pilgrims 
wandered to the holy fires of Baku. But wdien the fanatical 
Arabs overthrew the Persian Empire, times of persecution 
and distress began for the Parsees ; and still later they were 
almost entirely extirpated by the hordes of Tamerlane. 
During the last centuries fire- worshipping was again intro- 
duced by the Indians, who, after the Sefides had ascended 
the Persian throne, gradually settled in the Caspian pro- 
vinces, and whose number must have been considerable, as 
travellers inform us that in the latter half of the seventeenth 
century 200 rich Indian merchants were residing in the 
town of Schemachi. But the anarchical times which fol- 
lowed the usurpation of Nadir Schah forced most of these 
Indians to leave their adopted country, and since then only 
solitary pilgrims have found their way to Baku. But tlie 
number even of these is constantly diminishing, although 
the Russians, to whom the sanctuary now belongs, allow 
them full freedom of access. When Koch was- at Baku, he 
found there only five Indians from Mooltan, whither the 
majority would gladly have returned, had they but possessed 
the necessarj^ means. Their squalid appearance and tattertul 
raiment formed the strongest imaginable contrast to the 
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splendour of tlie element they worshipped. Amoni: them 
■was a Fakir, who had made a vow constantly to reruain in 
the same position absorbed in religions contemplation, and 
who for sixteen years had.never moved from the spot. 

The burning springs gush out not only from the ground near 
the temple and in other parts of the peninsula of Abscheron, 
but even from the bottom of the neighbouring Caspian Sea ; 
and as Sir Charles Lyell saw carburetted hydrogen rise in 
countless bubbles through the crystal Avaters above the falls 
of the Niagara, and shoot up in bright flames at the approach 
of a light, so Dr. Abich mentions a spot in the Gulf of 
Baku where the inflammable gas issues with such force, 
and in so great a quantity, from the bottom, which is there 
three fathoms deep, that a small boat is in danger of being 
overturned when coming too near it. 

As gas springs most frequently occur in districts which 
have been the former seats of volcanic action, and as similar 
exhalations often arise from still active craters, they are 
supposed by many geologists to be the last remaining traces 
of an expiring volcanic energy. Bischoff considers the car- 
bonic acid of the German gas springs to be develoiied by 
the decomposition of carbonate of lime by,voleanic heat or 
heated water. 

A phenomenon which is sometimes found connected with 
gas springs is that of the mud volcanoes, which may be 
described as cones of a ductile, unctuous clay, formed by the 
continued evolution of a sulphurous and inflammable gas, 
spurting up waves and lumps of liquid mud. These remark- 
able cauldrons are found in many parts of the world, in the 
Island of Mil o, in Italy, in Iceland, in India, about 120 miles 
from the mouths of the Indus, on the coast of Arracan, in 
Birmah, in Java, Columbia, Nicaragua, and Trinidad ; but 
probably nowhere on a grander scale than at either extremity 
of the chain of the Caucasus, towards the Caspian on the 
east and the Sea of Azof on the west, where in the peninsula 
of Taman, anid on the opposite coast of the Crimea, near 
Kertsch, vast numbers of mud volcanoes are scattered, some 
of them' 250 feet high. Their operations have apparentlj 
been going on for countless ages, and have covered a greufc 
extent of land with their products. 
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• The Macaluba, in Sicily, which owes its name to tlio 
Arabs, is the mud volcano most anciently known. It ih 
mentioned by Plato in his ‘ Plijedon/ and has been described 
by Strabo. It is situated fire miles to the north of Girgenti , 
on a hill of a conical shape, truncated at the top, and Idd 
feet high. The summit is a plain half a mile round, and tln^ 
whole surface is covered with thick mud. The depth of tht‘ 
mud, which is supposed to be immense, is unknown. Tlunn? 
is not the slighest appearance of vegetation upon it. Tn llio 
rainy season the mud is much softened; the surface is (Wini, 
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and there is a general ebullition over it, whicdi is accom- 
panied with a very sensible rumbling noise. Ju tlu^ diy 
season the mud acquires greater consistency, but its motion 
still goes on. The plain assumes a form srnnowhat convex ; 
a number of little cones are thrown up, which rarely risi» 
the height of two feet. Bach of them has a crati'r, when* 
black mud is seen in constant agitation, and incessantly 
emitting bubbles of air. With these tlui mud insensiblj 
rises, and as soon as the crater is full of it, it disgorg(*H. 
The residue sinks, and the cone has a free crater, until aiu'w 
emission takes place. 

Such is the ordinary state of the Macalubn. ; but; from 
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to iiiiii' t1i(? hill hocmiioa suhjuijt to alarming convul-- 
Hj'nna. Hliglit (‘nrili(j[uah« alioekri a,ro felt at the diataiice of 
two or 1hrt>i* niiloHj aeeoinpatiietl with internal noises re- 
Htonbliiig thumh'i’. Th(‘HO iiicreiiso for several days, and are 
follitwed at JuHi ])j a. jn^odigions spont of mud, earth, and 
sttuioH, whi(‘h risoH two or ihria; hundred feet in the air. 

Himllar paroxysmal explosions have been observed in the 
Caneusinn mtul voleanoes. In Itobruary 1704, the Obu, in 
the peniiiHuhi of Tuina.n, had an OTUption accompanied with 
a diHuwlful noise', and an (‘iirlhqnako which radiated from 
th(‘ {*oni', and was fi'It as far a.s hlkattn’inodor, at a distance 
of iifty-fivo h'agues. At the beginning of the eruption 
tlanu'H were which rose to a prodigious heigh.t, and 

lasted about half an hour. At the same time dense clouds 
of smoke escaped from tbo crater, and mxid and stones were 
cast np to the height of 3,000 feot. Six streams of mud, 
the largest of 5vhich was half a mile long, flowed from the 
volcano, and tlu'ir volnmo is said to have been equal to 
twenty-two millioiiH of e.xibic feet. 

Violent ertijdive symptoms accompanied the formation oi 
a, new imid voleaim in i.lu'. vicinity of Baku on the Caspian. 
On November 27, 1H27, Haines blazed up to an extraordinary 
height lor three hours, and continued for twenty hours more 
io aboui, three feet above a (‘ratisr from which mud was 
(‘j(*(i,tah At nntiher point in thes same distiict, where flames 
issued, fragmentH of roek, of largo size, were hurled up into 
the air and scattered around. 

The plnmonu'ua exhibited by tbo Maealiiba and other mud 
ea.nl droiiH ar(i (uniainly very distinct from those of true vol- 
eunoes, Hineo no Hcorim or lava or heat(al matters of any Mud 
an* Ht'ui. foiih, tlui mud Ixing’ diiscribcd as, cold when 
emitted, although the gas, wlu>He violent escape throws it up, 
is sowetim<‘H iguib'd. Jlentte geologists commonly regard 
these* ph''n{tiut*na, us (‘utirely distinct from the volcanic, and 
aserila* their «irtgin tt» eh<*mie.al action going on a.t no great 
depth bem*a.tk the surface, among thci c.onstituonts of certain 
Htrutified nuith'rH; whih* other scieiitiho aaithoritics declare 
them to be as nineh connected with internal igneous agency 
us any other eruplivu plmnomuna.. Their occurreucG in dis- 
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tricts not remote from, the sites of vast volcanic distiirhanco, 
and their occasional violent paroxjsms, certainlj afford uiii<*h 
support to this view, and show that it is probably the sanu' 
power, in different degrees of energy, which casts np tlu‘ 
mud of the Macaluba and pours forth the lava-streams of 
Cotopaxi. 
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EARTHQUAKES, 

Extent of Misery inflicted by great Earthquakes — Earthquake Eegions— Earth- 
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Sliocks — Warnings of Earthquakes — Sounds attending Earthquakes — ^Eemark- 
able Displacements of Objects — Extent and Force of Seismic Wave Motion — 
Effects of Earthquakes on the Sea— Enormous Waves on Coasts — Oscillations of 
the Ocean — Fissures, Landslips, and shattering Falls of Rock caused by Earth- 
quakes — Causes of Earthquakes — Probable Depth of I'ocus — Opinions of Sir 
Charles Lyell and Mr. Poulett Scrope — Impressions produced on Man and 
Animals by Earthquakes. 

O P all the destructive agencies of nature there is none to 
equal the earthquake. The hurricane is comparatively 
weak in its fury ; the volcanic eruption generally confines its 
rage to the neighbourhood of the labouriiigk mountain, hut 
a great earthquake may cover a whole laud with ruins. 

The terrible subterranean revolution which convulsed all 
Asia Minor and Syria, in the reign of Tiberius, destroyed 
twelve celebrated cities in a single night. The sun, which on 
setting had gilded their temples and palaces with his parting 
rays, beheld them prostrate on the following morning. 

In A.D. 115 Antioch was the centre of a great commotion. 
The city was full of soldiers under Trajan ; heavy thunder, 
excessive winds, and subterranean noises were heard; the 
earth shook, the houses fell; the cries of people buried in 
the ruins passed unheeded. The Emperor leaped from a 
window, while mountains were broken and thrown down, 
and rivers disappeared, and were replaced by others in a new 
situation. Edur centuries later (May 20, 626) the same 
doomed city was totally subverted by an earthquake, when 
it is reported that 250,000 persons perished. 

Similar catastrophes, in which thousands and thousands of 
victims were suddenly destroyed, have frequently occurred in 
H 
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Peru and Cliili, in tlie West Indies and Central Am erica,, in 
the Moluccas and Java, in the countries bordering on tlie 
Mediterranean and the Bed Sea j but a bare mention of the 
loss of life conveys but a faint idea of the extent of misery 
inflicted by one of those great earthquakes which mark with 
an ominous shade many large tracts of the earth’s surface. 

We must picture to ourselves the slow lingering death 
which is the fate of many — some buried alive, others bunifc 
in the fire which almost invariably bursts out in a city wlicn^ 
hundreds of dwellings have suddenly boon laid prostrat('”™ 
the numbers who escaped with loss of limbs or serious bodily 
injuries, and the surviving multitude, suddenly reduced to 
penury and want. 

In the Calabrian earthquake of 1783, it is supposed that 
about a fourth part of the inhabitants of Polistena and of 
some other towns were buried alive, and might have btaui 
saved had there been no want of hands ; but in so geiu'ral 
a calamity, where each was occupied with his own misfor- 
tunes or those of his family, help could seldom bo proc.urt'd. 
‘ It frequently happened,’ says Sir Charles Lyell, ‘ tlmt ixirsons 
in search of those most dear to them could hear their moans, 
could recognise, their voices, were certain of the exact spot 
where they lay buried beneath their feoi., yet could afford 
them no succour. The piled mass resisted all their strength, 
and rendered their efforts of no avail. At Terrantiova fonr 
Augustin monks, who had taken refuge in a vaulted sacristy, 
the arch of which continued to support a vast pile of ruins, 
made their cries heard for the space of fonr days. One} only 
of the brethren of the whole convent was savcjd, and of wind 
a.vail was his strength to remove the enormous weight of 
rubbish which had overwhelmed his companions ? lie ht'urd 
their voices die away gradually, and when afterwards tlu'ir 
fonr corpses were disinterred, they were found clasped in each 
others’ arms. 

Affecting narratives are preserved of mothers saved aft(;r 
the fifth, sixth, and even seventh day of their intimnunit, 
when their infants or children had perished with liung(‘r, 
Ell his work on the great Neapolitan earthquake of 1857, Mr. 
Mallet, from innumerable narratives of personal peril and 
sad adventure, selects the distressing case of a* noble family 
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of Monte Miirro, as affording a vivid .picture of tlie terrors of 
an earthquake night. Don Andrea del Dino, the owner of 
one of the few houses in the city which escaped total de- 
struction, was with his wife in hed, his daughter sleeping in 
an adjacent chamber on the principal floor. At the first 
shock his wife, who was awake, leaped from bed, and imme- 
diately after, a mass of the vaulting above came down, and 
buried her sleeping husband. At the same moment, the 
vault above their daughter’s room fell in upon her. Prom 
the light and hollow construction of the vaults neither was 
at once killed. The signora escaped by leaping from the 
front window, she scarcely knew how. For more than two 
hours she wandered, unnoticed, amongst the mass of terrified 
survivors in the streets, before she could obtain aid from her 
own tenants and dependants, to extricate her husband. 
They got him out after more than eighteen hours’ entomb- 
ment — alive, indeed, but maimed and lame for hfe. ETis 
daughter was dead. As he lay longing despairingly for 
release from the rubbish, which a second shock, an hour 
after the first, had so shaken and closed in around him that 
he could scarcely breathe, he heard, but a few feet off, her 
agonising cries and groans grow fainter and fainter, until at 
last they died away. His wife, to whose devotion his own 
life was owing, had escaped unhurt. 

Unfortunately man too often vies with the brute forces of 
nature to increase the horrors of a great earthquake. As 
the arm of the law is paralysed by the general panic, thieves 
and ruffians are not slow to avail themselves of their oppor- 
tunity. Thus, in the Calabrian catastrophe of 1783, nothing 
could be more atrocious than the conduct of the peasants, 
who abandoned the farms and flocked in great numbers into 
the towns — not to rescue their countrymen from a lingering 
death, but to plunder. They dashed through the streets 
amid tottering walls and clouds of dust, trampling beneath 
their feet the bodies of the wounded and half buried, and 
often stripping them, while yet living, of their clothes. 

Prom the vast ruin and misery they entail, it is evident 
that where earthquakes are frequent, there can never be 
perfect secunty of property even under the best government ; 
and as the fruits collected by the labour of many years may 
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be lost in an instant, the progress of civilisation and national 
wealth must necessarily be retarded. 

‘Earthquakes alone/ says Mr. Darwin, ‘are sufficient to 
destroy the prosperity of any country. If beneath England 
the now inert subterranean forces should exert those powers 
which most assuredly in former geological ages they Eave 
exerted, how completely would the entire condition of the 
land be changed I What would become of the lofty houses, 
thickly-packed cities, great manufactories, the beautiful 
public and private edifices ? If the new period of disturbance 
were first to commence by some great earthquake in the dead 
of the night, how terrific would be the carnage ! England 
would at once be bankrupt ; all papers, records, and accounts 
would from that moment be lost. Government, being unable 
to collect the taxes, and failing to maintain its authority, the 
hand of violence and rapine would remain uncontrolled. In 
every large town famine would go forth, pestilence and death 
following in its train.^ 

Eortunately the experience of many ages shows that the 
regions subject to these terrible catastrophes are confined 
to a comparatively small part of the surface of the globe. 
Thus Southern .Italy and Sicily; the tract embracing the 
Canaries, the Azores, Portugal, and Morocco ; Asia Minor, 
Syria, and the Caueasas ; the Arabian shore of the Red Sea ; 
the Bast Indian Archipelago ; the West Indies, Nicaragua, 
Quito, Peru, and Chili, are particularly liable to destructive 
shocks. 

But beyond these limits slighter earthquakes are of fa.r 
more common occurrence than is generally supposed, and 
probably they leave no part of the world entirely undisturbed. 
Erom the year 1821 to 1880 no less than 115 earthquakes 
have been felt to the north of the Alps, and since the year 
1089, 225 are cited in the annals of England. Some of 
these earthquakes seem to have but just stopped at the point 
when a slight increase of their force would have covered the 
land with ruins. In 1574, on the 26th of Eebruary, between 
five and six in the evening, an earthquake was felt at Tork, 
Worcester, Hereford, Gloucester, and Bristol. Norton Chapei 
was filled with worshippers ; they were nearly all overthrown, 
and fled in terror, thinking that the dead were \meartlied or 
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tliat tTie cliapel was falling'. Six years later, on tbe 6tli of 
A])i'il, at G I’.M., all England was thrown into consternation. 
The great hell at Westminster began to toll; the students 
at the Temple started np from table and rushed into the 
struct, knives in hand ; a part of the Temple Church fell, 
jind stont‘H dropped from St. Paul’s. Two -stones fell in 
( -lirist’s Church, and crushed two persons. In rushing out 
of the church many wore lamed, and there was a shower 
of chimneys in the streets. At Sandwich, the occurrence 
was mark'd by the violence of the sea, which made ships 
run foul of eacdi other ; and at Dover a part of the fortifica- 
tions fell with the rock which supported it. 

On the Ctli October 18C3, a movement, though gentle 
wh<m compfired to tlie preceoding instances, was felt from 
the English Channel to the Mersey, and from Hereford to 
LtMunington and Oxford. The Malvern range was about the 
(•(‘litre of the area, as it has often been before. Even in 
iilluvial Holland, six or eight slight earthquakes have been 
f(‘lt during the last century. The industrious researches of 
Klugo show tha.t, during the eight j'^ears from 1850 to IBS'?, 
no loss than 4,G2() earthquakes — a great proportion of which 
(505)) full i,o th(^ shai'O of Southern Eurox3e — have been noticed 
in boHi hctms])lici'('R ; and when we remember that a very 
(jonsidcrablc part of the globe is still either totally unknown 
or removed by the barbarous condition of its inhabitants 
from all iuturoourso with the scientific world, and that, con- 
K(‘(Xncntly, the above list must necessarily be incomplete, it is 
V(‘ry probable that not a day passes without some agitation 
of tlui HXtrfaoG of the earth in some place or other. 

A vioh'ut earthquake almost always consists of several 
Hhocks lollowing ciich other in ra^nd succession. Sometimes 
ilu'j are pruceded by slighter vibrations; at other times they 
suddenly Convulso the land without any previous notice. 
In most iiiHiances, cmdi slumk lasts but a few seconds; but 
ihis is enough to ruin the work of ages. Three violent com- 
moiioiiH within five mimites destroyed the town of Oaraccas 
on Maridi 2G, 1H12; a.nd the earthquake which, in 1692, 
(h^Hulaitul .Taraaie-u., lasted hut three minutes. On January 11, 
1H.11), two Hhocks within thirty seconds covered Martinique, 
and the wlatlo range of the Lessor Antilles, with ruins. But 
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a violent earthqnatej though itself hnt of short duration,, 
generally forLowed by a series of secondary shocks, which art' 
repeated at gradual widening intervals and with decreasing' 
energy, so- that if these subsequent tremors be taken into 
account, it may often be said to last for weeks or even 
months. Thu's, to cite but one instance, the earthquake of 
October 21, 1766, destroyed the whole town of Ouinana in a 
few minutes, but during the following fourteen months the 
earth was in a constant vibratory motion, and scarce an hour 
passed without a shock being felt. 

In countries where earthquakes are comparatively rare 
(for instance in the south of Europe), the belief is very 
general that oppressive heat, stillness of the air, and a misty 
horizon, are always forerunners of the phenomenon. But this 
popular opinion is not confirmed by the experience of trust- 
worthy observers, who have lived for years in countries such 
as Cumana, Quito, Peru, and Chili, where the ground trembles 
frequently and violently. Humboldt experienced earthquakes 
during every slate of the weather, serene and dry, rainy and 
stormy. 

Brnte animals, being more sensitive than men of the 
slightest movement of the earth, are said to evince extra- 
ordinary alarm, and it has been often observed that even the 
dull hog shows symptoms of uneasiness previous to the 
shock. During the great Neapolitan earthquake of 1857 an 
unusual hab-light was seen in the slcy before, and not long 
after, the shock. Mr. Mallet was at first inclined to look 
upon this notion as a superstitious tale; but, finding it 
widely diffused in a country where communication i.s bad 
and news travels slowly, no longer doubted that it wiiB 
founded on fact.-^ Conjectures would be useless as to iia 
nature, but future observation directed to the point may 
determine whether some sort of auroral light may emana,to 
from the vast depths of rock formation under the enormous 
tensions and compressions that must precede the final crash 
and rupture; or whether volcanic action, goin*g on in the 
unseen depths below, may give rise to powerful disturbances 
of electiic equhibrium, and hence to the devolopment of 

* Mallet, ‘ The Great Neapolitan Earthquake of 1857,’ Yol^i. p. 323, 
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just as froin vulcanic monntains in eruption ligLt- 
niiigs continually Hasli from the liugh volumes of steam and 
Jloating ashes above the crater. Humboldt is also of opinion 
that, though in general the revolutions which take place 
bodow the surface of the earth are not announced beforehand 
by any meteorological process, or a peculiar. appearance of 
tlio sky, it is not improbable that during violent shocks 
some change may occur in the condition of the atmophere. 
Thus, during the cai'thquake in the Piedmontese valleys 
of Pelis and Clnsson, great alterations .were observed in the 
electric tension of the atmosphere without any appearance 
of a thunder-storm. 

Earthquakes are generally attended with sounds, some- 
times like the howling of a storm, or the rumbling of sub- 
terranean tlinndor; at others like the clashing of iron chains, 
or as if a number of heavily laden waggons were rolling 
rapidly ovt'.r the pavement, or as if eiiornous masses of glass 
wi'ro Muddoiily shivered to pieces. As solid bodies are excel- 
h'ut conductors of sound (burnt clay, for instance, propa- 
gating it ton or twodvo times more rapidly than the air), the 
Hubtorraaicau noise may be heard at a vast distance from the 
primary stsat of the earthquake. In Caraccas, in the grass- 
I)lainH of Oalabo'/A), amdoii the banks of theAtio Apnre, which 
falls into the Orinoco, a dreadful thunder-like sound was 
(WOrywlKU'O luuird on April 30, 1812, without any simul- 
taneous trembling of the earth, at the time when, at the 
distance of IbS geographical miles, the volcano of St. Yin- 
coiit, ill the Lesser Antilles, was pouring out of its crater a 
mighty lava-stream. This was, according to distance, as if 
ail ('ruption of Vosnvins wmre heard in the north of Prance. 
In the year 171'X, during the great eruption of the volcano 
(Jotopaxi, a subterranean noise like the firing of cannon was 
Innrd at Homla, on the Magdalena river. But the crater 
of Cotopaxi is 1 7,000 loot higher than Honda, and both 
points, sitiiati'd at a distance of 109 geographical miles, are 
m<u*eovor separated by the colossal mountain masses of Quito, 
Pasio, and Pupayan, and by numberless ravines and deep 
valleys. The sound was certainly transmitted, not through 
the air, but through the earth, and must have proceeded 
from a very* considerable depth. 
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. Bnt noise is not the necessary attendant of an earthquake, 
for many instances are known in -which the most violent 
shocks have been completely noiseless. ITo subterranean 
sounds were heard during the terrific earthquake which de- 
stroyed Riobamba on ^February 4, 1797, and the same circum- 
stance is mentioned in the narratives of many of the Chilian 
earthquakes. 

The phenomenon of sound, when unaccomjoanied b}’’ any 
perceptible vibration, makes a peculiarly deep impression on 
the mind, even of those who have long inhabited a country 
subject to frequent earthquakes. They tremble at the idea 
of the catastrophe which may follow. A remarkable instance 
of a long protracted noise without any trembling of the earth 
occurred in 1784, at the wealthy mining town of Guanaxnato 
in Mexico, where the rolling of subterranean thunder, with 
now and then a louder crash, was heard for more than a. 
month, without the slightest shock, either on the surface of 
the earth, or in the neighbouring silver mines, which aro 
1,600 feet deep. The noise was confined to a small spaces, 
so that a few miles from the town it was no longer audible. 
Never before had this phenomenon been known to occur 
in the Mexican highlands, nor has it been repeated 
since. 


Earthquake shocks are either vertical or nndulatory. A 
vertical shock, which is felt immediately above the seat or* 
focus of the subterranean disturbance, causes a movement uj) 
and down. Like an exploding mine, it frequently jerks 
movable bodies high up into the air. Thus, during tlio 
great earthquake of Riobamba, the bodies of muny of the 
inhabitants were thrown npon the hill of La Culla, which 
rises to the height of several hundred feet at the otlic'r side 
of the Lican torrent j and during the earthquake of Chili In 
1837, a large mast, planted thirty feet deep in the ground n.t 
Eort San Carlos, and propped with iron bars, was thrown 
upwards, so that a round hole remained hehijid. 

^ttougli to tte iDhabitants of a shaken .district tho 
uudolatory wave or vibration of an earthquake appears to 
radiate bOTizontahy outwards from the spot on the surface 

hoZ"' 't 'ioes “ot really operate in a 

orizontal direction, like a wave caused by a pebble on the 
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surface of a poiidj for at every point, except that imme^ 
diately above the focus of the shock, it conies up obliquely 
from below, causing the ground to move forwards and then 
backwards in a more or less horizontal direction. As a ship, 
yielding to the oscillatory movements of the wa\^es, alter- 
nately inclines to one side or the other, so, during the more 
violent undulations of the soil, the objects on Its surface are 
momentarily moved from their vertical position, and often 
considerably inclined towards the horizon. Thus during the 
great earthquake which convulsed the valley of the Missis- 
sippi in 1811-12, Mr. Bringier, an engineer of hTew Orleans, 
who was on horseback near New Madrid, where some of the 
severest shocks were experienced, saw the trees hend as the 
wave-motion of the earthquake passed under them, and 
immediately afterwards recover their position. The transit 
of the wave through the woods was marked by the crash of 
countless branches, first heard on one side and then on the 
other. It must have been awful to see the giants of the 
forest thus move to and fro like a corn-field agitated by the 
wind I 

Very remarkable displacements of objects are not seldom 
caused by earthquakes, such as the jntation of the blocks of 
columns or the turning of statues on their pedestals. 

At Lima, which, owing to its repeated destructions by 
earthquakes, is properly a city of ruins, Professor Dana saw 
two obelisks with the upper stone on each displaced and 
turned round on its axis about fifteen degrees in a direction 
from north to east. These rotations by earthquakes have 
been attributed by some authors to an actual rotatory 
movement in the earthquake vibration ; but it has lately 
been shown by Mr. Mallet that this hypothesis is untenable 
and unnecessary, as a simple vibration back and forth is all 
that is required to produce a rotatory motion in the stone of 
a column, provided that stone be attached below more 
strongly on one side of the centre than on the opposite. 

The wave-motion of an earthquake sometimes spreads over 
enormons spaces. The shocks of the earthquake of New 
Granada which took place in the night from the 16th to 
the 17th of June 1826, ware noticed over a surface of 760,000 
square miles., The earthquake of Valdivia (Pebruary 20, 
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1835) was felt south. wards on the distant island of Cliiloo 
to the north as far as Copiapo, in Mendoza ho the east of 
the Andes, and on the Island of Juan Fernandez, 300 miles 
from the coast. Supposing these effects to have taken 
place at corresponding distances in Europe, all the land 
would have trembled from the North Sea to the Mediter- 
ranean, and from Ireland to the centre of France. 

It is evident that the extent and force of the wave-motion 
of an earthquake must in a great measure depend upon the 
nature of the rocks through which it is transmitted. It will 


vibrate more easily through solid homogeneous masses, while 
in alluvial deposits, or in a soil composed of sand and loose 
conglomerate, its undulations will be propagated irregularly 
and its effects be far more destructive. This is particularly 
the ease where the alluvial deposits repose on a substratum 
of hard rock. Thus the devastations of the Calabrian earth - 
quakeof 1788 were most apparent in the plain of Opj^ido, in 
those parts where the newer tertiary strata rest upon granite. 
The earthquake wave generally follows the direction of 


mountam-cliains, and hut rarely crosses them. The groat 
Chilian earthquakes, which often propagate their vibrations 
to distances of ^many hundred miles along the western foot 
of the Andes, remain unfelt on their eastern border ; while 
the earthqnakes along the shores of Venezuela, Caraocas 
and New Granada rarely transmit their vibrations beyoixl 
the high monntam-chains which run parallel with the coast 
This IS probably due to the numerous dislocations, rents 
and caverns which are produced by the elevation of tbo 
inountam-chams, and necessarily serve as barriers to the 
propagation of the earthquake wave. 

viotir seldom accompanied by a 

violent agitation of the sea. First, at the instant of the 

their respective levels are slightly dera ^ 
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Mr. Darwin, ‘ have attempted to explain it by supposing that- 
the sea retains its levd, while the land oscillates upwards ; 
but surely the water close to the land, even on a rather steep 
coast, would partake of the motion of the bottom ; more- 
over, similar movements of the sea have occurred at islands 
far distant from the chief line of disturbance. I suspect 
(but the subject is a very obscure one) that a wave, however 
produ ced, first draws the water from the shore on which it is 
ad van cing to break. I have observed that this happens with 
the little waves from the paddles of a steamboat. Troni the 
great wave not immediately following the earthquake, but 
sometimes after the interval of even half-an-hour, and from 
distant islands being affected similarly with the coasts near 
the focus of the disturbance, it appears that the wave first 
rises in the offing, and, as this is of general occurrence, the 
cause must be general. I suspect we must look to the line 
where the less disturbed waters of the deep ocean join the 
water nearer the coast which his partaken of the movements 
of the land, as the place where the great wave is first 
generated ; it would also appear that the wave is larger or 
smaller according to the extent of shoal water which has 
been agitated together with the bottom on which it rested.’ 

The following examples sufficiently prove that no storm, 
however violent, is capable of raising such prodigious waves 
as an earthquake. 

In the year 1692 the town of Kingston in Jamaica was 
almost totally destroyed by a huge earthquake wave. A 
frigate which lay in port was carried forward over the houses, 
and stranded in the middle of the town. In his ‘ Principles 
of Geology,’ Sir Charles Lyell relates that, during the Cala- 
brian earthquake of 1783, the Prince of Seilla had persuaded 
a great part of his vassals to betake themselves to their 
fishing-boats for safety, and he himself had gone on board. 
On the night of Pebruary 5, when some of the people were 
sleeping in the boats, and others on a level plain slightly 
elevated above the sea, the earth rocked and large masses of 
rock were thrown down with a dreadful crash upon the plain. 
Immediately afterwards the sea, rising more than twenty 
feet above the level of this low tract, rolled foaming over it 
and swep)t away the multitude. It then retreated, but soon 



108 


THE SUBTERRANEAN WORLD. 


rushed back again with greater violence, bringing back with 
it some of the bodies it had carried away. At the same time 


every boat was sunk or dashed against the beach, and some 
of them were swept far inland. The aged prince was killed, 
with 1,430 of his people. 

After the earthquake which devastated the town of Lima 
on the 28th of October 1746, the sea rose on the evening 
of the same day eighty feet above its usual level in the 
neighbouring Bay of Callao, overwhelmed the town, and 
destroyed nearly all the inhabitants. Of the twenty-three 
ships which were lying in the harbour at the time, nineteen 
immediately sank, while the four others were thrown upon 
the land at the distance of nearly a league. 

Shortly after the shock which desolated Chili on the 20tli 
of February 1835, a great wave was seen from the distance of 


three or four miles, approaching in the middle of the Bay of 
Talcahuano with a smooth outline, but tearing up cottages and 
trees along the shore, as it swept onwards with irresistible) 
force. At the head of the bay it broke in a fearful line of 
white breakers, which rushed up to a height of twenty-three 
vertical feet above the highest spring tides. Their force in ust 
have been prodigious, for at the Fort a cannon with its 
carriage, estimated at four tons in weight, was moved -fifteen 
feet inwards. The whole coast was strewed over with timber 
and furniture, as if a thousand ships had been wrecked. As 
Mr. Daiwin walked along the shore, he observed that Humo- 
rous fragments of rock, which, from the marine productions 
adhering to them, must recently have been lying in deep 
water, had been cast up high on the beach. One of those 
was six feet long, three broad, and two thick. 

Durmg the dreadful earthquake -which in 1868 raised the 
strip of land at the western foot of the Andes from Ibm-ra 
m Bouador, to Iqnique in Peru, 1,200 miles in length, the 
receding sea nneoyeredthe bay atiquiqne to the depthof four 
fathoms, and then, returning in an immense wave, a mass ol 

rated “f "t’ -^^4 

town. One spectator, seeing the whole surface of the sea rise 

loo^ him. Fighting with the dai-k water, amidst wreck and 
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ruin of every kind, carried back: into the bay, and again- 
thrown back to the Pampa, wounded and half naked, he 
crept for safety into a hole of the sand, and waited sadly for 
the dawn. At Arica, the British Yice-Consul, alarmed at the 
first shock, rushed out of the house with his family, and made 
for the high ground, in just terror of the expected sea-wave. 
Through the ruined town, amidst dead and dying, half 
stifled with dust, they reached rising ground, and, looking 
back, saw a dreadful sequel— -the sea rushed in and left not 
a vestige remaining of the lower part of Arica. Six vessels 
were lost in the bay, or tossed over rocks and houses ; an 
American gunboat was whirled away from her moorings, 
and laid, without a broken spar or tarnished flag, high and 
dry on the sand-hills, a quarter of a mile from the sea. 

As might be expected from the movable nature of water, 
the wave-motion of earthquakes is frequently propagated to 
surprising distances over the sea. The Chilian earthquake 
of 1835 produced oscillations of the ocean that made them- 
selves felt on the Sandwich Islands, at a distance of 5,000 
nautical miles. On Mauai, the sea retreated 120 feet, and 
then suddenly returned with a tremendous wave that swept 
away the trees and houses on the beach. In Hawaii, a 
large congregation had assembled for divine service near 
Byron’s Bay. Suddenly the water began to sink, so that 
soon a great part of the harbour was laid dry. The spec- 
tators hurried to the shore to admire the astonishing 
spectacle, when a wave, rising twenty feet above the usual 
tide-mark, inundated the land, destroyed sixty- six huts, and 
drowned eleven of the islanders, though the best swimmers 
in the world. So far from its starting-point did the South 
American earthquake seek its victims. Pifteen hours and 
a half after the great earthquake of Arica (1868), the water- 
wave undulating over the vast Pacific was felt at Chatham 
Islands, a distance of 6,300 miles, and an hour later at Hew 
Zealand. 

The enormous powers which come into action during a 
great earthquake show themselves not only in the destruc- 
tion of edifices and the wide-spread ruin so produced, but in 
the changes which they effect in the configuration of the 
soil. Where^r masses of earth rest loosely upon a sloping 
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surface of suTyacent rock, or where steep mountain crests 
overlie wet and unctuous beds of shale, or where the rock 
itself is composed of incoherent material, or where river-banks 
are formed of precipitous masses of clays, or where the 
corrcxiing waters have undermined the ground, the violent 
commotion caused by an earthquake cannot fail to produce 
land.'slips, fissures, and falls of rock. In 1571, on the 17th 
of February, the ground opened all at once at the ‘Wonder,’ 
near Putley, not far from Marcle in Herefordshire ; and a 
large part of the sloping surface of the hiU — ^twenty"-six 
acres, it is said - descended with the trees and sheep-folds, 
and continued in motion from Saturday to Monday, masses 
of ground being turned round through half a circle in tbeir 
descent. This was a great landslip, said to have been occa- 
sioned by an earthquake. 

Earth-fissures were formerly supposed to be occasioned by 
a stretching of the ground, occasioned by the wavy nature of 
the shocks ; but Mr. MaUet has shown that no earthquake 
wave can possibly produce any such stretching, and considers 
them as cases of small and incipient landslips caused by the 
shaking downwards of a loose mass. His own observations 
left no doubt in his mind that the descriptions, given by 
the Neapolitan Academy in their Historical Account of the 
Earthquake of 1788, of the earth-fissures therein produced, 
and designated constantly by the pompons term ‘ voragines,’ 
are gross exaggerations ; and that the well-known Jamaica 
earth-fissures, that were said to have opened and closed with 
the wave, and to have hitten people in two, must be regarded 
as audacious fables. 

‘ The vulgar mind, filled from infancy with superstitious 
terrors as to “ the things nnder the earth,” is seized at once 
by the notion of these fissures of profound and fabulous depth 
with fire and vapour of smoke issuing from within tlieir 
murky abysses ; but they should cease to belong to science.’ 

Enormous landslips are sometimes occasioned by earth- 
quakes, but their extent depends less upon the power and 
energy of the shock than upon the conditions of unstable 
equilibrium presented by great masses of loose material, 
through the configuration of the country. In consequence 
of landslips or dislodgements of large masses of rock, altera- 
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tioi.3 in the flow or distribution of the waters frequeutlv tnV» 
Llaoe. Thus, brooks or rivers are not seldom dlmm^ 
temporary ponds or lakes created. ^ 

rermauout elevations of the land have been observed 
after some earthquakes. Thus, after the violent shocks of 
November 19, 1822, a great part of the coast- of OhiU was 
(mmd to be raised several feet above its previous level: and 
alter the groat earthquake which occurred in New Zealand 
in the night of January 23, 1855, a large ti-act of land was 
i(mnd to be permanently upraised from one to nine feet. 
Before tlie shock there had been no room to pass between 
the sea and the base of a perpendicular cliff called Muka- 
Muka, except for a short time at low water, and the herds- 
men were obliged to wait for low tide in order to drive their 
cattle past the cliff. But immediately after the upheaval, a 
gently sloping raised beach, more than 1 00 feet wide, was 
laid dry, affording ample space at all states of the tide for 
the passage of man and beast. 

These permanent elevations have often been attributed to 
ihe immediate agency of earthquakes; but Mr. Mallet proves 
this assumption to be a fallacy, as the impulse of the earth- 
quake wave even right above the focus is utterly incapable of 
raising the level of the land by a height much more than in- 
strumentally appreciable, and there is not the least evidence 
that any part even of this elevation is permanent. That 
earthquakes occur along with, and as part of, a train of other 
circumstances which do produce permanent elevation occa- 


sionally, and that earthquakes are probably always the signals 
that the forces producing elevation are operative, is another 
limit or, with which that erroneous or loosely expressed view 
should not be confounded. 

The causes of earthquake are still hidden in obscurity, 
and probably will ever remain so, as the. e violent convulsions 
originate at depths far below the reach of human observa- 
tion. Mr. Mallet came to the conclusion that the depth of 
ilio original Calabrian shock in 1857 did not exceed seven or 
eight miles, and deduces from all the facts known as to the 
movements of earthquakes, that the subterranean points 
where the shocks originate perhaps never exceed thirty geo- 
graphical miIt‘S, so that, even supposing the central nucleus 
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of the earth to be fluid, they cannot possibly be due to tlio 
reaction of the internal ocean of molten stone upon the soli<l 
shell with which it is enveloped, but must have their seat 
within the latter. The existence of reservoirs of fused 
matter at various depths in the solid earth-rind is quite 
sufficient to account for all seismic and volcanic phenomena ; 
for it is evident that whenever rain-water, or the waters of 
the sea percolating through rocks, gain access to these sub- 
terranean lakes of molten stone, steam must be generated, 
the pressure of which will in many cases rend and dislocate 
the incumbent masses. 

^ During such movements,’ says Sir Charles Lyell, ‘ fissures 
may be formed and injected with gaseous or fluid inafctor, 
which may sometimes fail to reach the surface, while at 
other times it may be expelled through volcanic vents, stuflis, 
and hot springs. When the strain on the rocks has caused 
them to split, or the roofs of pre-existing fissures or caverns 
have been made to fall in, vibratory jars will be produced 
and propagated in all directions, like waves of sound through 
the crust of the earth, with varying velocity, according’ to the 
violence of the original shock, and the density or elasticity 
of the substancq tlu’ongh which they pass. They will travel, 
for example, faster through granite than through liniestoiie, 
and more rapidly through the latter than through wet clay, 
hut the rate will be uniform through the same homogGiioous 
medium.’ 


According to Mr. Poulett Scrope, the originating cause of 
the earthquake must be sought in the expansion of some 
deeply-seated mass of mineral matter, owing to augmentation 
of temperature or diminution of pressure. By this expansive 
force the solid rocks above are suddenly rent asunder, and 
whether below the sea or not, their violent disruption pro- 
duces a jarring vibration, which is propagated on either side 
through their continuous masses in nndulatory pulsations. 

Some geologists are of opinion that earthquakes are fre- 
quently the result of the subsiding, sinking in, or cracking 
of subterranean cavern roofs, in consequence of the pressure 
ofilie supermcambent rocks. SmaU local earthquakes may 
he explained by this theory; but tenible conynlsions which 
shake a whole continent evidenily proceed froia a far more 
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formidable cause, and are more satisfactorily explained by 
the agency of subterranean heat and elastic vapours. 

If, even during an ordinary storm, the black clouds, tlie 
bowling of the wind, the flashes of lightning, and the loud 
claps of thunder, strike men and brutes with fear, we may 
naturally expect to see terror carried to its highest pitch by 
so dreadful a phenomenon as an earthquake. All creatoes 
living or burrowing under the earth — rats, mice, moles, 
snakes — hastily creep forth from their subterranean abodes, 
though many no doubt are gripped and suffocated by the 
suddenly-moved soil before they can effect their escape ; the 
crocodile, generally silent, like our little lizards, rushes out of 
the river and runs bellowing into the woods ; the hogs show 
symptoms of uneasiness ; the horses tremble ; the oxen huddle 
together ; and the fowls run about with discordant cries. On 
man, the phenomenon makes a peculiarly deep impression. 

‘ Abad earthquake,’ say Mr. Darwin, ‘ at once destroys our 
oldest associations. The earth, the very emblem of solidity, 
has moved beneath our feet like a thin crust over a fluid. 
One second of time has created in the mind a strange idea of 
insecurity, which hours of reflection would not have pro- 
duced.’ We can no longer trust the soil on which we stand, 
and feel ourselves completely at the mercy of some unknown 
destructive power, which at any moment, without forewarn- 
ing, can destroy our property or our lives. But as first 
impressions are always the deepest, so habit renders man 
callous even to the terrors of an ordinary earthquake. 
In countries where slight shocks are of frequent occurrence, 
almost every vestige of fear vanishes from the minds of the 
natives, or of the strangers whom a long residence has 
familiarised with the phenomenon. 

On the rainless coast of Peru, thunderstorms and hail are 
unknown. The thunder of the storm is there replaced by 
the thunder which accompanies the earthquake. But the 
frequent repetition of this subterranean tumult, and the 
general belief that dangerous shocks occur only twice or 
thrice in the course of a century, produce in Lima so great 
an indifference towards slighter oscillations of the sod, that 
they hardly attract more attention than a hail- storm in 
Northern Bufope. 

I 
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CHAPTER X. 

THE GEEiT EABTHQTJAKE OF LISBON. 

A dreadM AH Saints’ Day— The Vietims of a Minute— Report of an Eye-witness 

Conflagration — Banditti — Pombal brings Order into Chaos — ^Intrigues of tho 

Jesuits — Damages caused by the Earthquake in other Places — ^At Cadiz— In 
Barbary — ^Widespread Alarm — ^Remarks of Goethe on the Earthquake. 

H istory exhibits few catastrophes more terrible than 
that which was caused by the great earthquake which, 
on November 1, 1755, levelled the town of Lisbon to the 
dust. On other occasions, such as that of a siege, a famine, 
or a plague, calamity approaches by degrees, giving its 
victims time to measure its growth and preparing them, as 
it were, to sustain an increasing weight of misery ; but here 
destruction fell upon the devoted city with the rapidity of a 
flash of lightning. 

A bright sun shone over Lisbon on that fatal morning. 
The weather was as mild and beautiful as on a fine summer’s 
day in England, when, about forty minutes past nine in the 
morning, an earthquake shock, followed almost immediately 
by another a.nd another, brought down convents, churches, 
palaces and houses, in one common ruin, and, at a very 
moderate computation, occasioned the loss of 60,000 lives. 
‘The shocking sight of the dead bodies,’ says an eye-witness 
of the scene, ‘ together with the shrieks and cries of those 
who were half buried in the ruins, exceeds all description ; 
for the fear and consternation were so great that the 
most resolute person durst not stay a moment to remove a 
few stones oflp the friend he loved most, though many might 
have been saved by so doing ; but nothing was thought of 
but self-preservation. Getting into open places, and into the 
middle of streets, was the most probable security. Such as 
were in the upper storeys of houses were, m general, more 
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fortunate than those who attempted to escape by the doors, 
for they were buried under the ruins with the greatest part 
of the foot-passengers j such as were in equipages escaped 
best, though their cattle and drivers suffered severely ; but 
those lost in houses and the streets are very unequal in 
number to those that were buried in the ruins' of churches ; 
for as it was a day of great devotion, and the time of cele- 
brating mass, all the churches in the city were vastly crowded j 
and the number of churches here exceeds that of both 
London and Westminster; and as the steeples are built 
high, they mostly fell with the roof of the church, and the 
stones are so large that few escaped.-’ 

Many of those who were not crushed or disabled by the 
hblling buildings fled to the Tagus, vainly hoping that they 
might find there the safety which they had lost on land. 
For, soon after the shock, the sea also came rushing in like 
a torrent, though against wind and tide, and rising in an 
enormous wave, overflowed its banks, devouring all it met 
on its destructive path. Many large vessels sank at once ; 
others, torn from their anchors, disappeared in the votex, or, 
striking against each other, were shattered to pieces. A. fine 
new stone quay, where about three thousand persons had 
assembled for safety, slipped into the river, and every one 
was lost ; nor did so much as a single body appear after- 
wards. 

Had the misery ended here, it might in some degree have 
admitted of redress ; for, though lives could not be restored, 
yet a great part of the immense riches that were in the 
ruins might have been recovered; but a new calamity soon 
put an end to such hopes ; for, in about two hours after the 
shock, fires broke out in three different parts of the city, 
caused by the goods and the kitchen fires being all jumbled 
together. About this time also, a fresh gale suddenly spring- 
ing up, made the fire rage with such violence that, at the 
end of three days, the greatest part of the city was reduced 
to ashes. What the earthquake had spared fell a prey to 
the fire, and the flames consumed thousands of mutilated 
victims, who, incapable of flight, lay half buried in the ruins. 

According to a popular report, which, true or not, shows 

* Philosophical Transactions, vol. xlix. part i. p. 401. 
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tHe hatred in wliicli the Holy Office was held, the Inq^nisition 
was the first building that fell down, and probably more than 
one inquisitor, who, in his life-time, had sent scores of J ews 
or heretics to the stake, was now, in his turn, burnt alive- 

As if the unshackled elements were not sufficient agents 
of destruction, the prisons also cast forth their lawless 
denizens, and a host of malefactors, rejoicing in the public 
calamity which paralysed the arm of justice, added rapine 
and murder to the miseries of the city. 

More than 60,000 persons are supposed to have perished 
in Lisbon from all these various causes. The total loss of 
property was estimated at fifty millions of dollars — an enor- 
mous sum for a small country, and in times^ when money 
was far more valuable than at present. A few shocks suf- 


ficed to destroy the treasures accumulated by the savings of 
many generations. 

The royal family was at this time residing in the small 
palace of Belem, about a league out of town, and thus 
escaped being buried among the ruins of the capital — a 
fortunate occurrence in the midst of so many misfortunes : 
for the anarchy that must have ensued from the destruction 
of all authority^ would have filled the cup of misery to the 
brim. As it was, Government seemed utterly incapable of 
contending with a disaster of such colossal proportions. 

‘ What is to be done ? ’ said tbe helpless king to his minister 
Carvalho, Marquis of Pomhal, who, on entering the council- 
chamber, found his sovereign vainly seeking for advice 
among his weeping and irresolute courtiers : ' how can we 


alleviate the chastisement which divine justice has imposed 
upon us?’ ‘ Sire ! by burying the dead and taking care of 
the living,’ was the ready answer of the great statesman, 
whose noble bearing and confident mien at once restored 
the king’s courage. From that moment Jose bestowed a 
boundless confidence upon Pomhal. Without losin ga single 
moment, the minister, invested with full powers, threw him 
self into a carriage, and hastened with all speed to the scene 
of destruction. Wherever his presence was most needed 
there was he sure to be found. For several days and nights 

he ne.er left ta carnage, whence, inoeesa^tl/actiTe in his 

efforts to reduce chaos to oi-der, he issued u<5 less than two 
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Imiidred decrees, all bearing the stamp of a master-mind. 
Troops from tlie provinces were suimwoiied in all baste, and 
concentrated round the capital, which no one was allowed to 
leave without permission, so that the robbers who had en- 
riched themselves with the plunder of palaces and churches 
were unable to escape with their spoil. 

In all his numerous ordinances Carvalho neglected none 
of the details necessary for insuring their practical utility, 
writing many of them on liia knees with a pencil, and send- 
ing them, without loss of time, to the vaiuous officers charged 
with their execution. His wise regulations for eiisuiiiig a 
speedy supply and a regular distribution of provisions 
averted famine. G-reat fears were entertained of pestilential 
disorders in consequence of the putrid exhalations of so 
many corpses which it was impossible to bury. To prevent 
this additional misfortune, Carvalho induced the Patriarch 
to give orders that the bodies of the dead should be cast into 
the sea, with only such religious ceremonies as circumstances 
I)ormittod. 

But the Jesuits, the mortal enemies of the enlightened 
ministoi’, did not lose this opportunity of intriguing against 
him, aaid openly ascribed the catastrophe” to the wrath of 
God a, gainst an impious Government. Thus Pombal had not 
only to cope with the disastrous ijffocts of the earthquake, 
but also with the venomous attacks of hypocritical bigots, 
in spite of whose clamours ho interdicted all public j)ro- 
cessions and devotional exorcises that wore calculated still 
further to inflame the excited minds of the i>opulacG. 

Though Xjisbon was the chief sufferer from the great 
earthquake of 1755, the shocks which destroyed tlie capital 
of Portugal proved disastrous in many other places, and 
vibrated iur a;iid wi<le ov(*r a considerable portion of the 
globe. St. TJbes was miarly swallowed up by the sudden 
rising of the sea. At Cadiz tins sliooks were so viohmt that 
the ^vator in the cisterns washed backwards and forwards so 
as to make a groat froth upon it, No damage wois dooe, on 
account of the excessive sti^ength of Mie buildings ; but about 
an hour after, an immense wave, at h'ust GO feet higher tha,n 
common, was seen ax^proacUing from tlxo sea. It broke 
against the west part of tlie town, which is vmw rocky, and 
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where, fortunately, the cliffs abated a great deal of its force. 
At last it burst upon the walls, destroyed part of tlio for- 
tifications, and swept away huge pieces of cannon. The 
strong causeway which connects the town with, the Island 
of Leon, was utterly destroyed, and more than fifty peoxdo 
drowned that were on it at the time. 

In Seville a number of houses were thrown down, and the 
beUs were set a-ringing in Malaga. In Italy, Germany, and 
France, in Holland, and in Sweden, in Great Britain and in 


Ireland, the lakes and rivers were violently agitated. The 
water in Loch Lomond rose suddenly and violently against 
its banks, so that a large stone Ijdng at some distance from 
the shore, in shallow water, was moved from its place and 
carried to dry land, leaving a deep furrow in the ground 
along which it had moved. At JECinsale, in Ireland, a groat 
body of water suddenly bmrst into the harbour, and with 
such violence that it broke the cables of two vessels, each 
moored with two anchors, and of several boats which lay 
near the town. The vessels were whirled round several 
times by an eddy formed in the water, and then hurricnl 
back again with the same rapidity as before. London waB 
shaken, the midland counties disturbed, and one high cliff in 
Yorkshire threw down its half-separated rocks. At Tbi)litz, 
in Bohemia, between eleven and twelve ©‘clock, the minorfil 
waters increased so much in quantity that all the baths ram 
over. About half an hour before, the spring grow turbid 
and flowed mnddy and having stopped entirely Cor nearly a 
minute broke forth again with prodigious violonoo, driviiig 
before it a considerable quantity of reddish ochre. After 
this. It became clear, and flowed an pure as before, but sup- 
plying more water than usual, and that hotter and more 
impregnated with its medicinal substances. 

_ te Barbary, the earthquake was fell nearly as severelv as 

It pL T • Algiei^was Zir^J. 

at Fez, Mequinez, and Morocco, many houses ^ ’ 

down, and numbers of persons were buried ^ 

Tangiers and Sallee the waters rushed into tl 

great violence, and when they Xed th^^^^^^ 

a great quantity of fish. ^ ® ^ behind them 

Ships sailing on the distant Atlantic reoeived%uch violent 
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concussions that it seemed as if they had struck upon a rock, 
and even America was disturbed. 

At the Island of Antigua the sea rose to such a height as 
had nerer been known before, and at Barbadoes a tremen- 
dous ware overflowed the wharfs and rushed into the streets. 
The remote Canadian lakes were seen to ebb and flow in an 
extraordinary manner, and the Red Indian hunter felt the 
last expiring pulsations of the great terrestrial shock which 
a few hours before had overthrown the distant capital of 
Portugal. 

Such were the extraordinary effects of this terrible earth- 
quake, which extended over a space of not less than four 
millions of square miles ! Of the enormous sensation it 
produced over all Europe, as well as of the deep impression 
it made upon his own youthful mind, Goethe, then about 
six years old, has given us a masterly account in his auto- 
biography (‘ Dichtung und Wahrheit ’). 

‘ Eor the first time,’ says the illustrious poet, ‘ the boy’s 
peace of mind was disturbed by an extraordinary event. On 
November 1, 1765, the earthquake of Lisbon took place, and 
spread consternation over a world which had long been 
accustomed to tranquility and peace. A large and splendid 
capital, the seat of wealth and commerce, suddenly falls a 
prey to the most terrible disaster. The earth shakes, the 
sea rises, ships are dashed against each other, houses, 
churches, and towers fall in ; the king’s palace is partly 
engulfed by the waves ; the bursting earth seems to vomit 
flames, for smoke and fire appear everywhere among the 
ruins. Sixty thousand persons, but a moment before in the 
enjoyment of a comfortable existence, are swept away, and 
they are the most fortunate who no longer feel oi remember 
their misery. The flames continue to rage, along with a 
host of criminals whom the catastrophe has set at liberty. 
The unfortunate survivors are exposed to robbery, to murder 
to every act of violence ; and thus on all sides Nature re- 
places law by* the reign of unfettered anarchy. Swifter than 
the news could travel, the effects of the earthquake had 
already spread over a wide extent of land ; in many places 
slighter commotions had been felt; mineral springs had 
suddenly ceased to flow ; and all these circumstances increased 
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tKe general alarm wlien tlie terrible details of tlie catastrophe 
became known. The pions were now not sparing of moral 
reflexions, the philosophers of consolations, the clergy of 
admonitions. Thus the attention of the world was for some 
time concentrated upon this single topic, and the public, 
excited by the misfortunes of strangers, began to feel an 
increasing anxiety for its personal safety, as from all sides 
intelligence came pouring in of the widely-extended effects of 
the earthquake. The demon of fear has indeed, perhaps, 
never spread terror so rapidly and so powerfully over th© 
earth. The boy who heard the subject frequently discussed 
was not a little perplexed. God, the Creator and Preserver 
of Heaven and Earth, whom the first article of faith repre- 
sented as supremely wise and merciful, appeared by no 
means paternal while thus enveloping the just and the un- 
just in indiscriminate ruin. It was in vain that his youthful 
mind endeavoured to shake off these impressions j nor can 
this be wondered at, as even the wise and the learned did 
not agree in their opinions on the subject.^ 
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CHAPTER XL 

LANDSLIPS. 

Igneous and Aqueous Causes of Landslips — T’all of the Diablerets in 1714 and 
1749— lOscapo of a Peasant from his living Tomh—VitalianoDonati on the Fall 
of a Mountain noar Sallenchos— Tho Destruction of Q-oldauin 1806— Wonderful 
Preservation of a Child — Burial of Vallojn and Tauretunum, of Pliirs and 

Bcilano—Landslip noar Axmouth in Dorsetshire— Falling in of Cavern-roofs 

Dollinas and Jamas in Carniola and Dalmatia- Bursting of Bogs — Crateriform 
Hollows in the liiiol. 

L andslips, or sudden subsidences and displacements of 
portions of Itiiid, result both from igneous and aqneous 
causes. 

Wlierover cavities have been formed beneath the surface 
of the etirili, whether in consequence of volcanic eruptions or 
by the erosivo and dissolving action of subterranean waters, 
the shoclc of an oarthqiialco or the mere weight of the super- 
incumbent mass may cause the roof to fall in, or the super- 
ficial ground, no longer sustained by its undermined foun- 
dations, to slide away and sink to a lower level. 

In mountainous regions it frequently occurs that the 
foundiitions of a rock, undermined by filtering waters, give 
W!).y, and that huge inassos of stone and earth, now no longer 
reposing on a solid basis, are precipitated into the valley 
below. More than onc;(‘, the slipping or falling in of a moun- 
tain hu,s brought disitk and destruction upon the humble 
dwellings of tho Alpiiu^ pi'asants, and added many a mourn- 
ful page to their simple annals. Thus, in the years 1714 and 
1749, largo hods of stone were detached from the Diablerets, a 
mountain stock between tho cantons of Vaux and Valais, and 
burying the meadows of Ohoville and Leytron under a mound 
of rubbish 300 feet deep, killed many herds and shepherds. 

In tiio first of these catastroxdies, the life of a peasant* was^ 
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pfeserved in a wondfirfnl manner. An immense block cam« 
toppling down close to his ehMet and covered it like a sluUd, 
so L to preserve it from being crushed by the foUowrot, 
debris ihovigh piled up two bundred feet above it. Tluis, 

immmedaslt we in ahving tomb the unfortunate man 

spent miserable weeks and months, subsmting on the stores 
of cheese hoarded in his hut, without light and air, and 
in constant fear that the rocks above his W might 
give way and bury Hm under their rams. Witli all IK- 
enersT of despair, he endeavonred to find his way out of th« 
miahtv mound of rubbish, and at length, after incrodiblo toil, 
emWed into the open daylight. More like a spectre than 
a human being, pale and emaciated, with torn clothes, and 
covered with bruises, he knocked at the door of his house * 
iu tbe lower valley, where his wife and children, who had 
already long rechoued him among the dead, were at first 
terrified at his ghost- like appearance, and called in th<} 
village pastor to convince them of his identity, before thev 
ventured to rejoice at his return. 

On the road from Sallenches to Servoz, in the Yalloy of the 
Arve, well known to all the visitors of Mont Blanc, may 
be seen the ruiiis of a high mountain which collapsed in ilu^i 
year 1751, causing so dreadful a crash and raising s\icU 
clouds of dust that the whole neighbourhood thoiight the 
world was at an end. The black dust was taken for smoke ; 
flames had been seen darting about in the mnrlcy clouds, and 
the report spread to Turin that a new Vesuvius had suddenly 
opened its subterranean furnaces among the highest of the 
Alpine mountains. The king, alarmed or interested at the 
news, immediately sent the famous geologist Vitaliano 
Donati to gather accurate information on the spot. Donati, 
travelling night and day, with all the eagerness of a zealouH 
naturalist, arrived while the appalling phenomenon was still 
in full activity. 

‘ The peasants,’ writes Donati to a friend, had all fled 
from the neighbourhood, and did not venture" to approach 


* It; IS almost soperflous to mention that in the Alps many of tho petwanrs 
lead a migratory existence. During the summer they asconcl, witli thoir liords, 
into the higher Talleys, where they remain, separated from thoir families, until the 
first night-frosts force them to return to thoir homes on a lower Tovol. 
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tiie crasliing mountain witliin a distance of two Italian miles. 
The country - around was covered with dust, which closely 
resembled ashes, and had been earned by the wind to a 
distance of five miles. I examined the dust, and found it to 
consist of pulverised marble. I also attentively observed 
the smoke, but could see no flames, nor could* I perceive a 
sulphurous smell ; the water also of the rivulets and sources 
showed no trace of sulphurous matter. This convinced me 
at once that no volcanic eruption was taking place, and pene- 
trating into the cloud of dust which enveloped the mountain, 
I advanced close to the scene of the commotion. I there 
saw enormous rocks tumbling piecemeal into an abyss with 
a dreadful noise, louder than the rolling of thunder or the 
roar of heavy artillery, and distinctly saw that the smoke 
was nothing but the dust rising from their fall. 

‘ Further investigations also showed me the cause of the 
phenomenon, for I found the mountain to consist of horizon- 
tal strata, the lowest being composed of a loose stone of a 
slaty texture, while the upper ones, though of a more 
compact nature, were rent with numerous crevices. On the 
back of the mountain were three small lakes, the water of 
which, penetrating through the fissures of j^he strata, had 
gradually loosened their foundations. The snow, which had 
fallen during the previous winter more abundantly than had 
ever been known within the memory of man, hastened the 
progress of destruction, and caused the fall of six hundred 
million cubic feet of stone, which alone would have sufficed 
to form a great mountain. Six shepherds, as many houses, 
and a great number of cows and goats, have been buried 
under the ruins. 

^ In my report to the king I have accurately described the 
causes and effects of the catastrophe, and foretold its speedy 
termination — a prediction which has been fully verified by 
the event — and thus the new volcano has become extinct 
almost as soon as its formation was announced.’ 

Fortunately, this grand convulsion of nature, which spread 
consternation far and wide, caused the death of but a few 
victims. The landslip of the Rufi or Eossberg, which, on Sep- 
tember 2, 1806, devastated the lovely Yale of Goldau, and over- 
whelmed fouiT villages, with their rich pasture-grounds and 
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gardens, was far more disastrous. The preceding years had 
been nnnsuaUy wet, the filtering waters had loosened the 
ISTagelflnhe, or coarse conglomerate of which the mountain 
is composed, and the rains having latterly been almost 
continuous, a great part of the mountain, undermined by the 
subterranean' action of the waters, at length gave way and 
was hurled into the valley below. 

Early in the morning the shepherds who were tending 
their herds on the mountains perceived fresh crevices in the 
ground and on the rock-walls. In many parts the turf 
appeared as if turned up by a ploughshare, and a cracking 
noise as if roots were violently snapped asunder was heard 
in the neighbouring forest. From hour to hour, the rents, 
the cracking, the rolling down of single stones increased, 
until finally, at about five in the afternoon, a large chasm 
opened in the fianks of the mountain, growing every instant 
deeper, longer, and broader- Then from the opposite Eighi 
the forest might be seen to wave to and fro like a storm - 
tossed sea, and the whole flank of the mountain to slide down 
with a constantly increasing velocity, until finally hundreds of 
millions of cubic feet of rock came sweeping down into 
the valley with a noise as if the foundations of the earth 
were giving way. The friction or clash of the huge stones, 
hurled against each other in their fall, produced so intense 
a heat that flames were seen to flash forth from the avalanche, 
and the moisture with which they were saturated, being 
suddenly changed into steam, caused explosions like those 
from the crater of a volcano. Dense clouds of dust veiled 
the scene of destruction, and it was not before they slowly 
rolled away that the whole extent of the disaster became 
visible. Where, but a few hours since, four prosperous 
villages — Goldau, Busingen, Upper and Lower Eothen, and 
Lowerz ^had been gilded- by the sun, and numerous herds 
had been grazing on the rich pastures along the borders of 
the lake of Lowerz, nothing was now to be seen but a desolate 
chaos of rocks, beneath which 457 persons lay buried. From 
this terrible disaster some wonderful escapes are recorded. 
High on the slope of the Eossberg, Hved Blasi Mettler, witli 
Uis joung wife Agatlia,. men, in tlie morning, the first 
premonitory signs of the disaster appeared, andlhe labourin-r 
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mountaiu bogan to I’aiso its wariiiiig Toice, tbe superstitious 
peasant, fancying lie heard the jubilee of demons, hastened 
down to Ai’th, on the bank of the lake of Zug, and begged 
the parish priest, with tears and lamentations, to accompany 
him, and exorcise the evil spirits with a copious sprinkling 
of holy water. While he was still speaking, the catastrophe 
took place, and he now rushed back again to his hut, where 
beyond all doubt his beloved wife and his only child, which 
was but four weeks old, had found a premature grave. 

Meanwhile Agatha had spent several anxious hours. She 
was preparing her humble evening meal when the thunder- 
ing uproar and the shaking of the hut filled her with the 
terrors of death. Seizing the infant, which lay awake in its 
cradle, she crossed the threshold, while the soil under her 
feet slid down into the valley. Escaping into the open air, 
she looked back and saw her hut and a sea of huge stone 
blocks roll down into the vale below, while the spot on which 
she stood remained unmoved. In this situation she was 
found by Blasi, who, though a poor and ruined man, still 
thanked God for the wonderful preservation of his family. 

About a thousand feet lower down tlie mountain lived 
Blasi’s brother Bastian, who, when the mountain slipped, was 
tending his herd on the opposite Eighi. But his wife and 
her two little children were in his hut when it was buried 
beneath the stony avalanche. After the terrible commotion 
had subsided, the relations of Erau Mettler, anxious to ascer- 
tain her fate, liastened to the scene of desolation. The hut 
had disappeared, the green Alpine meadow was covered with 
a heap of ruins, but, not far from the former site of the hum- 
ble cottage, the youngest child lay quietly sleeping. At the 
peril of his life, one of the infant’s relations clambered over 
the ruins and rescued the little sleeper, who, unhurt amidst 
the falling rafters of the hut and the ruins of the crumbling 
mountain, had been carried away with the bed on which he 
was reposing. On my last visit to Switzerland, I was in- 
formed that 'Sebastian Meinhardt Mettler, the child thus 
wonderfully saved, died in the year 1867, at the age of sixty- 
one. 

Some of the victims who had been buried in the ruins of 
the villages v^ere dug out and restored to daylight j others. 
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less fortunate, may have slowly perished, immured in a living 
grave ; but by far the greater number were no doubt sud- 
denly killed. The total number of those who were saved, 
either by the assistance of their friends, or by a timely -flight, 
or by absence from their homes at the time of the disaster, 
amounted to 220 ; but more than double that number perished, 
and probably there was not one among the survivors who had 
not to lament the loss of friends and kinsfolk. 


This dreadful catastrophe also levied its tribute among the 
strangers whom the beauties of Alpine scenery annually 
attract to Switzerland. A party of tourists had left Arth 
in the afternoon, with the intention of spending the night 
in Sehwyz. Part of the company had already entered the ill- 
fated village of Goldau, and the others were about to follow, 
when suddenly the thundering roar of the sliding moun- 
tain caused them to stop. liooking up and seeing rooks, 
forests, huts, all rushing down in horrible confusion, they 
instinctively ran back for their lives. The warning came 
not one instant too soon, for close behind the spot where 
they stopped panting for breath, the stones still fell 
like hail. But their unfortunate companions, the wife and 
daughter of Baron Diesbach, Colonel Victor von Steiger, and 
some boys, whose tutor had been slowly following them with 
the Baron, were buried beneath the ruins. 


From the Eighi the traveller still looks down upon the 
avalanche of stones, and the flank of the Eossberg still 
plainly shows the spot where, more than half a century ago, 
the masses of rock now reposing in the valley detached 
themselves from the mountain. But the beautifying hand 
of vegetation has already done much to adorn the scene of 
rum. Green mosses have woven their soft carpet over the 
naked stones, while grasses and flowers, and in some places 
even shrubs and trees, have sprung up between them. The 
tears also which once were shed over the victims of the 
great catastrophe have long since been dried, and its last 
witnesses have passed away to make room for a new genera- 
tion who remember the mountain-slip which buried their 
fathers only as a legend of the past. 

This terrible disaster, however appalling through the far- 
spread desolation it entailed, has yet been eqtlalfed or sur- 
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passed by others of a like nature. In the fifth century, the old 
Roman town of Velleja was buried under the ruins of the 
Ravinazzo Mountain, and tbe bones and coins dugf out of its 
ancient site prove that no time was left to the inhabitants 
for flig-ht. Tauretunum was once a flourishing- Roman town, 
situated on the south bank of the lake of Geneva, at the foot 
of the Dent d’Oche. In 563 it was utterly destroyed by a 
disruption of the overhanging mountain. The avalanche of 
stones which at that time wan huided down upon the devoted 
city is Still visible as a promontory projecting far into the 
lake, which is here at least 600 feet deep. The immense 
wave caused by the rocky mass as it plunged into the water 
inundated the opposite shore from Merges to Vevay, and 
swept away every homestead that lay on its path. 

In the night of September 4, 1618, the falling of the 
Monte Conto, in the Tale of Chiavenna, so completely buried 
the small town of Pliirs p-nd the village of Scilano, that of their 
2,430 inhabitants but three remained alive, and but one 
single house escaped the universal destruction. At pre- 
sent, magnificent chestnut-trees grow upon the mound of 
ruins and cast their shade over the graves of the long-for- 
gotten victims. Three villages, with their whole population, 
were covered in the district of Treviso when bhe Piz moun- 
tain fell in 1772 ; and the enormous masses of rock which in 
1248 detached themselves from Mount Grenier, south of 
Chambery in Savoy, buried five parishes, including the town 
and church of Saint Andr4, the ruin occupying an extent of 
about nine square miles. 

Sometimes the same village has been repeatedly destroyed 
"by mountain-slips. Thus excavations have shown that 
jBrienz, a hamlet built on the borders of the lake of the same 
name, on a mound of accumulated ruins, has been twice 
overwhelmed by a deluge of stones and mud, and twice 
reconstructed. 

It would be useless to multiply examples of the under- 
mining powerof water. I will merely add that it is impossible 
to wander through the valleys of Switzerland without being 
struck by the sight of the sloping hillocks of rubbish piled 
up against the foot of every gigantic rock- wall, which in 
many cases <5an only be attributed to that cause. Some 
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are entirely overgrown with large &s, thus 
•the last stony avalanche took place at a remote p ^ ^ 

others are desolate heaps of rubbish, winch eviclen ' J 
that the work of destruction is constantly going on, and tl^ . 
the highest peaks will ultimately be levelled with the plain- 
Over many a- hamlet the sword of Damocles is continual y 
suspended in the shape of a precipitous rod?:- wall, or ^ ot a 
forest-crowned mountain-brow. Dor years the underniiuing 
waters are slowly and secretly at work, and then suddenly the 
crisis takes place. 



AXMOUTII LANDSUP. 


Were the history of the Andes or of the Himalayas an 
familiar to us as that of the Alps, we should be able to rein. to 
many like instances of disastrous mountain -slips. But tho 
high places of the earth do not alone bear witness to tho 
power of aqueous erosion, for wherever the soil is undermined 
it may be precipitated to a lower level. Thus the pheno- 
menon is by no means uncommon in England,, though rarely 
occuring on so large a scale as in the landslip which took 
place at Axmouth in Dorsetshire, on December 24, 1839. 

‘ The tract of downs ranging there along the coast,’ says Sir 
Charles Lyell ('Principles of Geology"), ' is capped by chalk, 
which rests on sandstone, beneath which is more than 1 00 
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feet of loose sand, the whole of these masses reposing bn 
retentire beds of clay shelving towards the sea. ISTuruerons 
springs, issuing from the loose sand, have gradually removed 
portions of it, and thus undermined the superstratum. In 
1839, an excessively wet season had saturated all the rocks 
with moisture, so as to increase the weight of the incumbent 
mass, from which the support had already been withdrawn 
by the action of springs. Thus, the superstrata were pre- 
cipitated into hollows prepared for them, and the adjacent 
masses of partially undermined rock, to which the motion was 
communicated, were made to slide down, on a slippery basis 
of watery sand, towards the sea. These causes gave rise to 
a convulsion, which began on the morning of December 24, 
with a crashing noise ; and, on the evening of the same day, 
fissures were seen opening in the ground, and the walls of 
tenements rending and sinking, until a deep chasm or ravine 
w’-as formed, extending nearly three-quarters of a mile in 
-length, with a depth of from 100 to 500 feet, and a breadth 
exceeding 240 feet. At the bottom of this deep gulf lie frag- 
ments of the original surface, thrown together in the wildest 
confusion. In consequence of lateral movements, the tract 
intervening between the new fissure and th,e sea, including 
the ancient undercliflf, was fractured, and the whole line of 
sea-cliff carried bodily forwards for many yards. This motion 
of the sea-cliff produced a further effect, which may rank 
among the most striking phenomena of this catastrophe. 
The lateral pressure of the descending rocks urged the neigh- 
bouring strata, extending beneath the shingle of the shore, 
by their state of unnatural condensation, to burst upwards in a 
line parallel to the coast, so that an elevated ridge, more than 
a mile in length and rising more than forty feet, covered by a 
confused assemblage of broken strata and immense blocks of 
rock, invested, with seaweed and corallines, and scattered over 
with shells and starfish, and other productions of the deep, 
forms an extended reef in front of the present range of cliffs.’ 

Landslips 'caused by the falling in of cavern roofs are no- 
where more common than in the cretaceous strata, which are 
more liable than others to be undermined by the action of run- 
ning waters. In the vast chalk-range extendingfrom Oarinthia 
to the More a, they occur of all sizes, from a diameter of a few 
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fatlioms to one of many tliousand feet, and are not seldom of 
considerable depth. They are generally funnel-shaped, some- 
times elongated; and the bottom of the larger ones is gene- 
rally covered with villages, orchards, vineyards, or consider- 
able tracts of arable land. In Dalmatia, Oarinthia, Carniola, 
and Istria, where the country consists chiefly of arid plateaux 
or mountain-chains, exposed to the dry north-easterly winds, 
the cultivation of the soil is almost exclusively confined to 
these depressions or dolUnas, which, as a further protection 
against the cutting blasts, are inclosed with walls of loose 
stones. 

Besides the funnel-shaped landslips or dollinas, there are 
others with perpendicular sides Hke walls or shafts, which 
are called jamas or mouths. One of these (near Breschialc) 
descends to a depth of 384 feet. The hares seek a winter 
refuge in the dollinas, and the jamas, as the favourite 
resort of pigeons, are also called pigeon-holes or golulmas. 
Many a pedestrian has lost his life by falling into a jama, par- 
ticularly in former times, when fewer precautions were taken 
to protect the stranger against these treacherous precipices. 

Im the Jura Mountains there are also whole rows of can] - 
dron-shaped depressions ; and in North Jutland, where the 
chalk formation is likewise very extensive, a recent landslip 
suddenly emptied the Norr Lake, which lost itself in sub- 
terranean channels. 


Effects Teiy simUar to those of an orainai 7 landslip are 
sometimes produced by the bursting of a bog. On the 
western co^nes of England and Scotland, the Solway Moss 
occupies a flat area about seven miles in circumference. Its 

crust and a fair appearance; but it shakes under the least 
pressure, the bottom being unsound and semi-fluid. The 
a^lventurous passenger therefore, who sometimes, in dry 
seasons, traverses this treacherous waste, must pick his wa^ 
Ctf' War befofht for 
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fco an nnnsiial lieiglit above the surrounding oountiy, and 
tJien burst. The turfy covering seemed for a time to act 
like tliG skin of a bladder retaining the fluid witliin, till it 
forced a passage for itself, when a stream of black balf- 
consolidated mud began at first to creep over tbe plain, 
resembling in tbe slow rate of ils progress an ordinary 
lava-current. No lives were lost, but the deluge totally 
overwhelmed some cottages, and covered 400 acres with a 
mass of mnd and vegetable matter, which in the lowest parts 
of the submerged area was at least fifteen feet deep. 

It may easily be imagined that in Ireland, the classical 
land of bogs, such ifiienomena are not uncommon. In the 
peat of Donegal an ancient log-cabin was found, in 1883, at 
the depth of fourteen feet. The cabin was filled with peat, 
and was surrounded by other huts, which were not examined. 
Trunks and roots of trees, preserved in their natural position, 
lay around those huts. There can be little doubt that we 
have here one instance out of many in which villages have 
betm overwhelmed by the bursting of a moss. 

In many vohuinic regions we find circular cauldron-shaped 
depressions in the earth’s surface, which might easily be 
mistaken for landslips, but which have -in reality been 
formed by explosive discharges of confined vapours. ’When 
vents or fisstires are produced by a paroxysm of volcanic 
energy, we can easily understand how in some cases the 
pent-np gases, finditig a sudden outlet through some weaker 
part of the surface, must act like a powder mine, and scatter- 
ing the rocks that surrounded the orifice, leave a deep hollow 
bcdnnd as a memento of their fury. The depressions thus 
eaus(ul h(uir a great resemblance to real craters, from which 
they are, howtwer, distinguished by the absence of a cone of 
scorim and from their never liaving ejected lava. 

These curious crateriform hollows are very common in the 
Eifel, a volcanic region in Bhenish Prussia, where, probably 
owing to the clayey natui'O of the soil, they have become 
rt‘B(uwoir8 of water, or Maare, as they are called by the 
unlives. Most of them still have small lakes at their bottom, 
while others have boon drained for the sake of cultivation, or 
by the spontaneous rupture or erosion of their banks. Some 
of them ai^ of considerable dimensions, such as that of 
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Meerfeldj tlie diameter of which falls very little short of a 
mile ; or the Pulvermaar of Gillenfeld, remarkable for the 
extreme regularity of its magnificent oval basin. 

Similar lakes or Maare occur in Auvergne, in Java, in the 
Canary Islands, in New Zealand, and in the volcanic districts 
of Italy. The beautiful lakes of Albano and Nenii, which 
have been so often sung by ancient and modern poets, bolorig 
to this class 3 but Fr. Hoffman, a celebrated German geologist, 
ascribes the origin of the former to a landslip caused by the 
falling in of the roof of a vast subterranean cavern. 
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CHAPTER XII. 

ON OAVES IN OENEEAL. 

Their various rorms — ^Natural Tunnels — ^The Ventanillas of Gualgayoc— Eimeo — 
Toi'gatteu — Hole in the Murtschenstoek — The Trebich Cave — Grotto of Anti- 
j)aros-~Vast Dimensions of the Cave of Adelsberg and of the Mammoth 
Cave — Discovery of Baumann’s Cave — ^Limestone Caves — Causes of their 
Excavation — Stalactites and Stalagmites — Their Origin — Variety of Forms — 
Marino Oaves — Shetland — ^Fingal’s Cave — The Azure Cave-Cave under 
Bonifacio — Grotta di Netuno, near Syracuse — ^The Bufador of Papa Luna — 
Volcanic Caves— The Fossa della Palomba — Caves of San Miguel — The 
Surtshellir. 

nj'lHB natural excavations whicli abound in many mountain 
X cliains, or on roePy shores washed by the stormy sea, 
are extremely various in their forms. Many are mere rents 
or crevices in the disruptured rocks ; others*wide vaults, fre- 
quently of hall or dome-like dimensions, or long and narrow 
passages branching ont in numerous ramifications. Not 
seldom the same cave alternately expands into spacious 
chambers, and then again contracts into narrow tunnels or 
galleries. The walls of many are smooth and nearly parallel ; 
the sides of others are irregular and rugged. Many have 
narrow entrances and swell at greater depths into majestic 
proportions ; while others open with wide portals, and gra- 
dually diminish in size as they penetrate into the rock. 
Sometimes an excavation pierces a mountain from side to 
side like a natural tunnel, so as to allow a passage to the 
light of day. Such, among others, are the numerous per- 
fo^'ations or windows (ventanillas) in the serrated bastions of 
the rich silver mountain Gualgayoc in the Peruvian Andes, 
or the opening through one of the high peaks of the romantic 
island of Eiineo which rises within sight of Tahiti out of the 
dark blue ocean. According to a popular tradition, this hole 
owes its origin to Oro, the powerful god of war, who, having 
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one day qnaTrelled witli tlie minor god of Eimeo, liarled liis 
miglity spear at laim over tlie sea. As even gods, wlien 
losing tlieir temper, are apt to miss their aim, the pnny 
delinquent escaped unhurt, while the dreadful lance flew like 
a thunderbolt through the mountain, leaving the perforation 
as a lasting memorial of its passage. In Europe we likewise 
meet with several remarkable instances of such natural 
tunnels. One of the most celebrated is the grotto of Tor- 
gatten in Norway, which perforates a huge rock, 400 feet 
above the level of the sea. Its proportions are truly colossal, 
as it is no less than 900 feet long by from 80 to 100 feet 
broad ; and the arches of its vast portals measure respectively 
200 and 120 feet. Its floor is nearly horizontal, and covered 
with flne sand ; its sides are smooth, as if they had been 
chiselled by the hand of man. The sea, with its numberless 
cliffs and white-crested breakers, appears though the immense 
gallery as through the tube of a gigantic telescope, and in 
flne sunny weather affords a spectacle of incomparable 
beauty. 

Whoever has visited the romantic lake of Wallenstadt, in 
Switzerland, will have had his attention directed to a tunnel 
near the summit of the almost inaccessible Murtschenstock, a 
favourite resort of the chamois. It is visible from the lake 
near the hamlet of Muhlehorn, and, though of considerable 
dimmisions, appears to the eye like a mere speck of snow on 
the huge grey rock-wall, which towers to a height of 7,517 
feet. Erom the 1st to the 3rd of February, at two o’clock in 
the afternoon, the inhabitants of Muhlehorn see through this 
aperture the disk of the sun for the first time after a long 
winter. 

In the structure of some caves a vertical direction pre- 
dominates ; as, for instance, in the Trebich Cave, three 
leagues from Trieste, which consists of several pei'pondicular 
shafts, connected by narrow transversal passages, and de- 
scending one after another, until finally, at a depth of 
more than a thousand feet, the cavern terminates in a wide 
vaulted sp)ace spanning a subterranean river. Such, also, 
is the renowned Grotto of Antiparos, into which the visitor 
is let down by a rope to a depth of about twenty fathoms. 
After reaching a tolerably even platform, he is obliged to 
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dfiscend another precipice, and then to proceed oyer slippery 
rocks until he finally reaches the terminal vault. 

In most caverns, however, the chief direction is horizontal, 
either on several planes, separated from each other by more 
or less steep passages, or on a single level. The dimensions 
of caves are as various as their forms. Many are small and 
of inconsiderable depth — mere holes worn in the rock; while 
others are of a truly astonishing size, and fatigue tiie 
wondering spectator as he wanders through their lofty halls 
or endless galleries. The famous Cave of Adelsberg in 
Carniola has been explored to a distance of 1,243 fathoms 
from the chief entrance ; and in the Mammoth Gave in 
Kentucky no less than 226 avenues branch out to the right 
and left from the main gallery, so as to form a network of 
subterranean passages and halls of various dimensions, whose 
total length has been computed at about 160 miles ! 

As many caves are without any visible communication 
with the external world, and the entrance of others is 
frequently narrow, and concealed behind rocks in solitary 
ravmes on wild hill slopes or steep sea shores, far from the 
busy haunts of man, we cannot wonder that chance has 
frequently been instrumental in their discovery. Sometimes 
a hunter pursuing a wild animal has been led to the hidden 
cave in which it sought a refuge, or the workmen in a 
quarry have been suddenly surprised at meeting with a 
hollow in the rock, which opened an unexpected passage 
into the bowels of the mountain. The digging of wells, of 
cellars, of foundations, the boring for mines or Artesian 
wells, has often revealed the existence of unknown sub- 
terranean chambers ; and so recently as 1868, one of the 
finest known caverns, which already attracts a nnraher of 
delighted visitors, was discovered in the neighbourhood of 
the thriving manufacturing town of Iserlohii in Westphalia, 
on blasting a rock for the making of a railway. We may 
thus infer that a vast number of caves must still he totally 
unknown ; many so situated that chance may one day lead 
to their discovery ; while others are hollowed out at such 
vast depths in the earth-rind as to be for ever inaccessible to 
man. 

Even of those caves which have been objects of curiosiby 
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for- centuries, many Lave still been by no means tlioroug’lily 
explored. In the year 1848 an American gentleman per- 
suaded the guides of Baumann’s Cave in the Moun- 

tains to accompany him on a voyage of discovei'y through 
parts of the cavern hitherto untrodden by man. It was 
no easy task -to clamber over slippery rocks and deep 
chasms yawning into black abysses j but curiosity and tho 
spirit of adventure kept leading them on from passage to 
passage and vault to vault, when suddenly the lights began 
to burn more dimly j and the glass of the guiding compass 
having been accidentally broken warned them to retrace 
their steps. They had been wandering for twenty-four 
hours in the subtenunean labyrinth, and after so long au 
absence from the light of day joyfully hailed the green hill 
slope which decks the mysterious palace of tlio guoinrs, 
Branz Baumann, the first discoverer of the oavei’ii, was less 
fortunate. Its tortuous windings confused the export and 
intrepid miner, who lost his way in the recesses of tho eavc. 
While seeking in vain for an outlet, his sparing light went 
out. Three clays he groped about in darkness, until at 
length, worn out and exhausted, he was led by a wonderful 
chance to the m^outh of the cave. Before he died ho had 
yet sufficient strength briefly to mention the wondcjrs ho had 
seen during his fatal expedition. His descendants still 
enjoy the privilege of serving as guides to the visitors of the 
cave, and never fail to relate the melancholy end of their ill- 
fated forefather. 


Grottoes and caves occur iu every iind of rook ; in lavas, 
basalt, slate, and granite, as weU as in limestone, cloloinito, 
and gypsum ; for the volcanic powers are capable of rending 
ae hardest stone, and the foaming breakers of a turbulent 
ocean meet with no ohff that is able ultimately to resist their 
never-tirmg assaults. 

But, owing to their great fragility and to the solubility of 
xiraestone (carbonate of lime) in water containing carbonic acid 

t,:: 
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constantly mixed witli tlie atmospliere, and tlins becomes 
a solvent for clialk ; more particularly if tbe latter, as, for 
instance, in the Karst Mountains of Carniola, contains some 
proto-carbonate of iron, which, changing into an oxide when 
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in contact with water, yields its carbonic acid to the per- 
colating- fluid, and consequently increases its solvrat powers. 
H^cetwry shower of rain that filters through the crenoes 
df a limestone-rock wears away some part of its mass ; and 
if we consider the vast number of years over which these 
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operatious have extended, and add to their effects the trans- 
porting powers of the waters on their progress througb. the 
subterranean channels which thej have excavated or enlarged, 
we can easily comprehend how in the course of ages whole 
mountains may he hollowed out. 

As the streams that flow on the surface of the earth are 
constantly altering their course, thus also the subterranean 
waters are ever active in excavating new channels in the 
bosom of the rock. Finding at length new outlets on a 


lower level, they abandon their ancient beds, and the ex- 
plorer now wanders dry-footed where once a foaming river 
gushed along. The Cave of Adelsberg is a remarkable 
example of the changes which the subterranean waters, 
aided by time or by the disrupting power of earthquakes, 
may thus bring about j for the Poik now flows beneath its 
galleries in the same north-easterly direction, in a channel 
which is for the greatest part unknown and inexplorable, so 
that the dry cave of the present day must evidently have 
been the old river-bed. But nowhere can be found such 
perfect, unequivocal, and abundant proofs of the action. of 
running water in corroding and excavating new passages 
in a soluble rock as in the huge Mammoth Cave. The 
rough-hewn block in the quarry does not bear more distinct 
proof of the hammer and the chisel of the workman than 


these interminable galleries afford of its denuding and 
dissolving power. At Niagara we see a vast chasm evidently 
cut by water for seven miles, and stiU in progress ; but we 
cannot see beneath the cataract the water-worn surface, nor 
the rounded angles of the precipice ; while the frosts'" and 
rams of countless winters have reduced the walls of the 
^asm itself to a talus of crumbling and moss-grown rocks. 
But in the Mammoth Cave we see a freshness and perfection 
of surface such as can be found only where the destructive 
agencies of meteoric causes are wholly absent. Here we 
have the dry beds of subterranean rivers exactly as they 
were left thousands of years ago by the streams wliicli 
flowed through them when Niagara was young. No angle 
IS less sharp no groove or excavation less perfect, than it 
was origmaUy left when the waters were suddenly drained 
oii by cutting their way to some lower level. ‘'The very sand 
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and rounded pebbles, wHch now pave tbe galleries and wbicli 
anciently formed tbe bed of tbe stream, have remained in 
many of tbe more distant galleries untrodden even by tbe foot 
of man. ‘ Tbe rnsb of ideas was strange and overpowering/ 
says Professor Silliman, ‘ as I stood in one of these before 
unvisited avenues, in wbicb tbe glow of a laiAp bad never 
before sbone, and considered tbe complex chain of pbe- 
nomena wbicb were before me. There were tbe delicate 
silioions forms of cyatbopbylli and encrinites protruding 
from tbe softer limestone, wbicb bad yielded to the dis- 
solving power of tbe water ; these carried me back to tbat 
vast and desolate ocean in wbicb they flourished, and were 
entombed as tbe crystalline matrix was slowly cast around 
them, mute chroniclers of a distant epoch. Then suc- 
ceeded tbe long periods of tbe upper secondary, and, these 
p st, tbe slow but resistless force of tbe contracting sphere 
elevated and drained tbe rocky beds of tbe ancient ocean. 
Tbe action of tbe meteorological causes commenced, and 
tbe dissolving power of fresh water, following tbe almost in- 
visible lines of structure in tbe rocks, began to hollow 
out these winding paths slowly and yet surely.’ What a 
lesson for tbe thoughtful spectator, and bow -gast a prospect 
into tbe dark abysses of the past here unrolls itself before him ! 

After abandoning tbe vaults where they once collected 
and formed a running stream, tbe waters, filtering through 
the porous limestone, begin to ornament them with Instrons 
petrifactions ; for whether below or above tbe surface of tbe 
earth, Nature ever loves to decorate her works. Tbe 
moisture, charged with carbonate of lime, evaporates or parts 
with its free carbonic acid in coming into contact with the 
air of tbe cave ; tbe carbonate, now no longer held in solution, 
precipitates and forms calcareous incrustations or excres- 
cences, wbicb in course of time assume every variety of fan- 
tastic shape, either banging like icicles from tbe vault (sta- 
lactites), or rising in columns (stalagmites) from tbe floor of 
tbe cave where tbe dripping water deposited its spar. ^ Some- 
times stalactities and stalagmites join as they continue to 
grow in opposite directions, and ultimately form pillars wbicb 
appear to sustain the roof. 

On coiisidenng the simple physical and chemical agencies 
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•wMch are at work in the formation of these beautiful pro- 
ductions — solution, mechanical di’ipping, evaporation, and 
precipitation — a great similarity might naturally be expected 
in their forms ; but here also ISTature shows herself as a con- 
summate artist, and with the simplest means brings foitli 
an astonishing variety of effects. As among the leaves of a 
forfst there are not two perfectly alike, thus also every 
stalactite differs from another ; and the celebrated traveller 
Eohl af&rms that every stalactital cave has its peculiar 
style or character of decoration. The causes to which stalac- 
tites owe their existence are indeed everywhere the same, but 
the circumstances under which the drops fall and evapmute 
are so various that in each case some new shape is produced. 
Thus all the -infinite diversity of form wdiich we admire in 
the corals and sponges of the seas, is wonderfully repeated 
in the dark vaults of the subterranean world. 

The .variety and beauty of their colouring likewise con- 
tribute to adorn these formations. They are generally 
white, sometimes rivalling the purity of snow, and trans- 
lucent, even when of considerable thickness, but oiton also 
green, brown, yellow, red, orange— a variety of tints which 
produces the most pleasing effects, and is chiefly owing to 
the metallic salts with which the water has been impreg- 
nated while filtering through the calcareous rock. 

All these wonderful plays of Nature, in which form and 
colour contribute to delight the eye or to charm the fancy, 
are, however, still less interesting than the rcf](!ctions 
suggested by the slow growth of stalactites in general, and 
the enormous size which some of them attain. 

Inscriptions seventy or eighty years old appear coveriMl 
only with a thin translucent coat of sinter, and in the Gave 
of Adelsberg names scratched in the walls more than six 
centuries ago are still perfectly legible. How many ages 
must, then, have passed before such colossal 


have been foW as, for instance, in the Australian^ cavern 

^ Oornoalo/iRMU- 

Tiieste, where we find one of these form -Hi’ nr. a 

£% feet in circumference, and another rising thirty!^ 
feet above tbe gronnd, with a trank as massive as that 


* ‘ The Geology of South Australia.’ 
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of ail oltl oak. Th(‘ iniiiis of Tlu^lx^s, or iho roek-tomplos of 
Tpsamboul, apixair aluiont as works tif tlio presoiit day wluni 
(‘oTJiparod with ilios(‘ aniai^iiig inonuinonts of time. But, 
while mtHliiaiin^^ (ui iheir colossal dimensions, the mind 
Is necessarily carritnl still further hack, and wanders through 
the (‘ountluss agt^s whitdi tho filtering waters, collecting into 
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Hubtermnean Hireams, retiuiiH-d for hollowing mit the vast 
cavities on whosi* lltHir those giguntit* stalugmiioH were aub- 
se{|uently dt'posifftL An epoch of Htill older date jnesenls 
itself when the linu'stone rocks, now pierced with vast stu- 
laeiital caverns, wmv first slowly forming at the bottom of 
tlie primeval ska hy the nccmnuluthm of countless exnvim 
of •/.tHtphyles, Mtiir-iishi*'^, and fomminifora, and after growing 
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•into strata many hnndred feet thick, were then forced up- 
wards by plutonic powers, and became portions of tli(5 dry 
land. Nor is this the end of the vast porspcctivis for 
changes still more remote loom in the fathomless distanct*. 
The mind grows giddy while thus plunging into the abyns 
of time, and, in spite of the ideas of sublimity awakciunl 
by such meditations, feels a painful sense of its iiicapafdty 
to conceive a plan of such infinite extent. 

"While on land the running or filtering waters restlessly 
pursue their Avork of excavation, the tumultuous witvc'R of 
the ocean impress on every rocky shore the seal of tladr 
tremendous power. As, day after day, and year alter ycuir, 
the billows strike against the cliffs that oppose tlndr 
progress, they undermine their foundations, scoop out wid(A 
portals in tlmir projecting headlands, and hollow out deep 
caverns. Here also water appears as the beatitifyiug 
element, decorating inanimate nature Avith pic.turesquo 
forms ; and the sea nowhere exhibits more romantic seeiu^s 
than on the bold coasts against which her waves have been 
beating for many a millennium. During the calm ebb tidt*» 
seals are often seen sunning themselves at the eritranee of 
the oceanic grottoes, while cormorants stand before them 
as guardians of the dark galleries beyond; the waves 
murmur in softer strains, and the screeching sea-mow glidt'H 
with his silvery pinions through the tranquil air ; but when 
the stormy flood batters against the coast, the billows rusli 
into the caverns, scaring all animal life away, and no voice 
is heard but that of the tumultuous ocean. 

Our coasts abound in beauties such as these, particularly 
on the wild shores of Shetland or the stormy Hebrides —- 


‘ Where rise no groves and where no gardens blow, 
Where even the hardy heath scarce dares to grow ; 
But rocks on rocks, in mist and storm arrayed, 
Stretch far to sea their giant colonnade.’ — Scott. 


Along the coast of the mainland of Shetland and the 
neighbouring islets of Bressay and Noss, cape follows upon 
cape, consisting of bold cHffs hollowed into caverns or 
divided into pillars and arches of fantastic appearance, by 
the constant action of the waves. As the "voyager passes 
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tlie most northerly of these headlands, and turns into the. 
oioen sea, the scenes become yet more sublime. Rochs, 
upwards of three or four hundred feet in height, present 
themselves in colossal succession, sinking perpendicularly 
into the sea, which is very deep, even within a few fathoms 
of their base. All these huge precipices abound with eaves, 
many of which rnn mnch farther into the rock than the 
boldest islander has ever ventured to penetrate. One of these 
marine excavations, called ‘ The Orkneyman’s Harbour,’ 
is remarkable for the circumstance of an Orkney vessel 
having once run in there to escape a French privateer. Sir 
Walter Scott, who visited this interesting spot, found the 
entrance lofty enough to admit his six-oared boat without 
striking the mast, but a sudden tmm in the direction of the 
cave would have consigned him to utter darkness if he had 
gone in further. The dropping of the sea fowl and cormo- 
rants into the water from the sides of the cavern, when 
disturbed by his approach, had something in it wild and 
terrible. 

The shores of Caithness and of Sutherland, and of many 
of the islets in the Highland seas, likewise exhibit many 
wonderful specimens of the fantastic architecture of the 
ocean ; but pre-eminent above all in grandeur and renown is 
Fingal’s Cave. 

Sir Walter Scott, who twice visited this celebrated grotto 
(in 1810 and 1814), pronounced it above all description 
sublime. ‘ The stupendous columns and side-walls, the 
depth and strength of the ocean with which the cavern is 
filled, the variety of tints formed by stalactites dropping 
and petrifying between the pillars, and resembling a sort of 
chasing of yellow or cream-coloured marble, filling the 
interstices of the roof— the corresponding variety below, 
where the ocean rolls over a red, and in some places a violet- 
coloured rock, the basis of the basaltic pillars — the dreadful 
noise of those august billows, so well corresponding with the 
grandeur of the scene — are all circumstances elsewhere nii- 
X^aralleled.’ 

In the Azure Cave of Capri, the Mediterranean possesses 
a marine grotto rivalling FingaFs Cave in celebrity, and no 
less wonderfurin its peculiar style of beauty. As the roof of 
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its narrow entrance rises only a few feet above tlie level of 
the sea, it is probable that no Iminan eye bad ever been 
delighted witli its cbaruis before 1S2G, when it was acci- 
dentally discovered by two Prussian artists who w(n’C swim- 
ming in tbe neigbbonrliood. After passing tbe low portal 
tlie cave widens to gi-and proportions, 125 foot long ami 
145 feet broad, and except a small landing-place on a pro- 
jecting rock at tbe further end, its x^'oeipitous walls iirci on 
all sides bathed by the influx of the waters, wbicli, in tlmt 
sea, are so clear that the smallest objects may bo distinctly 
seen on the bottom of the deep basin, the most beautiful 
bathing-xdace a mermaid might wish for. All the light tha t 
enters the grotto must first penetrate the whole depth of the 
waters before it can be reflected into the cave, and it ihttB 
acquires so blue a tinge, from the largo body of (dear water 
through which it has x^assed, that tUo walls of Iho cav('rn 
are illumined by a radiance of the purest azure. Had Byron 
known of the existence of this magic cavti, (Ibilde Harold 
would surely have devoted some of his most brilliant stauzuH 
to its xn’aise. 

In many other parts of the Mediterranean th(^ limc'stonn 
rocks that fringe its shores have been worn into nuiguifiiMuit 
caverns, less singular, indeed, than the fairy grot of (Japri, but 
still of rare and wonderful beauty. Such, fimong otliovs, 
is the Antro di Nettnno, in the island of Sardinia, about 
twelve miles from the small seaport of Algliero.* 

Exceedingly picturesque caverns have also b(H‘n ■worn by 
the chafing waters in the chalk cli-ffs under Bonifacuo, in idn^ 
island of Corsica. Their entrances festooned with hanging 
boughs, they penetrate far into the interior of tlu‘. rocdcs, niul 
the water percolating through their vaulted roofs has fornunl 
stalactites of fantastic shapes. The boat glides through tlu^ 
arched entrance, and the glaring sunshine without is r(q)laet*d 
by cool and grateful shade. Fishes are flitting in the chnir 
water; limpid streams oozing thro-ughtho rocks form (uysitil 
basins with pebbly bottoms; and the channels from the bbu 5 
sea, flowing over the chalk, become cerulean. Poetic fancy 
has never pictured anything more enchanting than thcHO 
lovely caves. 

‘ The Sea and its Living Wonders,’ 3rd edit. p. 49, 
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The rooky coast of SieUy is Kkewise holloaed out w'fi. 
numerous marme grottoes. wMch t]io„<ri. , “ 

travellers, may wel! be -kSTm^St t 
beauties of tbo island. One of the most re™ ^ m 

Urotta di Nettuuo,near Syracuse, wMct ^0^1 

admits a boat to a considerable distance ’ Tt„ • 

rise to a height of about twenty or ihht TeT 7"'"^ 

«'berever the water does norreaor 
fhoio 13 no landing-place, and throughout the whole ca™ 
tho water is as deep hi the open sea beyond. NotSIg 



0.1 


can bo more cliarining than to look back from the dark 
rO(5(‘aHa8 ot the grotto upon the bright sunshine without, and 
i,o listen to tho soothing murmurs of the clear waves as they 
agUiinst tho rocky walls. The atmosphere is so pure 
in this (lolicions climate that not a trace of fog or mist 
obscures even the remotest parts oJf the cave, and the serene 
daylight falling tlirongh the entrance renders even its deepest 
shadows translucent. Here a lover of nature might linger 
for hours enjoying tho most delicious coolness, and watching 
tlui (diarniijig (?Hbcts of light and shade in their ever- varying 
play. 
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On many rocky sliores tlie ocean lias worn out subterranean 
cliannels in tbe cliffs, against wMch. it has been beating for 
ages, and then frequently emerges in water-spouts, or foun- 
tains, from the opposite end. Thus in the Skerries, one of 
the Shetland Islands, a deep chasm or inlet, which is open 
overhead, is continued underground, and then again opens 
to the sky in the middle of the island. When the tide is 
high, the waves rise up through this inland aperture, with a 
noise like the blowing of a whale. 

Similar phenomena oecim on the south side of the Mau- 
ritius,* on the north coast of Newfoundland, near Huatulco 
on the Mexican coast of the Pacific, and near Peniscola in 
Spain, whsre a cave, through whose roof at storm tides the 
sea bursts with a terrific noise, has received the name of the 
‘ Bufador, or the water-spout of Pope Luna,’ the family name 
of Benedict XEEI., who, having been deposed by the Councils 
of Pisa and Constance, retired to the small Spanish town 
where he was born. As the chief occupation of the holy 
father in exile was to vent a continuous torrent of curses 
and excommunications upon his numerous enemies, it is 
probable that this circumstance caused his name to be given 
to the noisy l»at harmless Bufador. 


Ihough water, aided by time, is probably the chief exca- 
vating power, there can be no doubt that the action of 
subterranean fire has likewise produced, and still produces, 
many hollows in the hard crust of the earth. Wherever a 
volcano has been piled up to the skies, the matter ejected 
from its vents must necessarily have left a void behind, and 
given rise to corresponding cavities in the space beneath. 
The shock of an earthquake must frequently rend asunder 
^ep-seated rocks, and the slow upheaval of considerable 
Ws of land can hardly be supposed to take place without 
the lormation of hollows and crevices. 

hqmd state, ttey do not form on cooling a compact homo- 
geneous mass, but generally exhibit a porous, sponffvtextuw 

enl through, or 

entangled m, their mass. These bubbles frequently unite in 


* ‘ The Sea and its Liying Wonders,’ 3rd edit. p. 52. 
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larger volnmes, wMcli, influenced by their elasticity and 
inferior specific gravity, rise towards the surface of the lava 
as it flows on, and, when sujBGLciently powerful, raise its crust 
in dome-like or conical protuberances, which not seldom 
burst open at the summit, or crack at the sides. The 
hollows thus formed are often so large as to entitle them to 
the name of caves. 

According to Sir Charles Lyell, the sudden conversion into 
steam of lakes or streams of water, overwhelmed by a fiery 
current, may perhaps explain the formation of many of the 
extensive underground passages or caverns which form a 
common feature in the structure of a volcano. Great 
volumes of vapour, thus produced, may force their way 
through liquid lava, already coated over externally with a 
solid crust, and may cause the sides of such passages, as they 
harden, to assume a very irregular outline. The famous cave 
on Etna, called the Eossa della Palomba, which opens near 
Nicolosi, not far from Monte Rossi, has not improbably been 
thus formed. After reaching the bottom of a hollow 625 feet 
ill circumference at its mouth, and 78 feet deep, the explorer 
enters another dark cavity, and then others in succession, 
sometimes descending precipices by means of, ladders. At 
length the vaults terminate in a great gallery ninety feet 
long, and from fifteen to fifty feet broad, beyond which there 
is still a passage never yet visited, so that the whole extent 
of the Eossa remains unknown. 

The volcanic caves of Punta Delgada in the Island of San 
Miguel, one of the Azores, are still more grand. Their 
entrance is through a narrow crevice, which soon, however, 
expands into an enormous hall, whose vault even the strongest 
torch-light is unable to illumine. In one spot, an opening 
in the floor shows that the lava, which is here but a foot 
thick, forms the roof of a second cave, situated below the 
first, into which even the boldest explorer has never ventured, 
but the noise of stones cast into the abyss proves it to be 
of considerable size. The first-mentioned cave leads into 
another, the width of which is estimated hy Webster* at 
120 feet ; but the height he was unable to measure. Gradu- 
ally this cave becomes narrower and lower, until, about 

‘ ‘ Description of the Island of Saint Michael.’ 



14,8 


THE SUBTERRANEAN WORLD. 


450 feet from tlie entrance, it terminates in a low vanlt. 
Black lava stala-ctites everywhere hang down from the roof, 
and the floor is so covered with sharp-sided blocks of the 
same volcanic material that walking among them becomes a 
task of the greatest difficulty. 

While a lava-stream is flowing along, a slag-crust forms 
on its surface, inclosing the internal fluid matter as in a 
canal. But when the supply of fresh lava from the vent 
diminishes or entirely ceases, the still liquid interior at the 
central part of the current continuing for some time bo flow 
on, often leaves behind hollow gutters, arched over by a 
thin and brittle roof — so thin sometimes as to yield to the 
weight of a person stepping on it. Such vaulted roofs have 
pseudo- stalactitic projections left by the subsidence of the 
liquid, and are coated with a glossy varnish. Sometimes 
very large caverns are thus formed beneath the surface of a 
lava-stream, and even rival in their extent and windings the 
caves worn by water in limestone rocks. The famous Surt- 
shellir,* situated near Kalmanstunga in Iceland, is a remark- 
able instance of a vast lava excavation owing its origin to 
this cause. It has very appropriately been named after Surt, 
the prince of^darkness and fire, of the ancient Scandinavian 
mythology; for this gloomy deity coidd not possibly have 
chosen a fitter residence than its vast and dismal halls, once 
glowing with subterranean fires, and now the seat of per- 
petual darkness. 


* ‘ The Polar World,’ p. 58. 
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OHAPTEE XIII. 

CAVE EIVEllS. 

Tho Fountain of Vaucluse— Tlie Fontaine-sans-fond— The Katabothra in Morea — 
Subterranean Kivera in Oarniola — Subterranean Navigation of the Poik in the 
Gave of Planina — ‘ The Stalactital Paradise ’ — The Piuka Jama. 

TT7HEREVEE large bodies of water gusli forth in a rapid 
T ? stream from the bowels of the earth, they must either 
have flowed through wide underground channels or they 
miist come from extensive lake-like reservoirs, for the mere 
drainage of a poi’ous stratum is evidently incapable of ac- 
counting for their production. 

Thus the celebrated fountain of Vaucluse, near Avignon, 
which has the volume and power of a river at its very source, 
is undoubtedly fed b}’ a subterranean sheet of water of 
considerable extent. Even when least abundant, it pours 
forth upwards of 13,000 cubic feet of water in a minute j and 
after the country has been flooded with abundant rains, this 
volume is increased fourfold. The environs of the fountain 
are extremely picturesque, and justify the praises which have 
been lavished upon them in the iminortal strains of Petrarch. 
It fills a large oval basin, vaulted by a spacious cave, and its 
waters, which, when low, escape through subterranean chan- 
nels into the deep bed of the Sorgue, rise, when high, over 
the rock- wall at the mouth of the grotto, and form a broad 
cataract, rushing down with a dreadful noise. 

Near Sable in Anjou, a source, or rather a pit from eighteen 
to twenty-four feet in diameter, well known in the country 
under the name of the Bottomless Eountain {Fooitaine-sans- 
fond) sometimes overflows its brink, and then casts forth a 
'la,rge quantity of fish, so that it is evidently a mere aperture 
in the vault of a large subterranean pool. 

In tho depaftinent of the Haute Saone, another pit, called 
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fclie Trais Puits, presents a similar phenomenon. After 
abundant rains, the water gnshing forth from its monili 
inundates the neighbourhood, and on its retiring pikes fuid 
other fishes are not seldom found scattered over the surface 
of the flooded meadows- 

Boswell mentions a visit which he paid with Dr. Johnson 
to Islam, formerly the seat of the Congreves, where two 
rivers burst near each other from the rock, after having run 
for many miles underground. Plott, in his ‘History of 
Staffordshire,’ gives an account of this natural curiosity, but 
Johnson would not believe it, in spite of the gardener’s att(‘sta- 
tion, who said he had put in corks where the river MamifoUl 
sinks into the ground and had caught them in a net placed 
before one of the openings where the water bursts out. 

In the vast limestone formation which, under various 
names, extends through Carinthia, Oarniola, Istria, Dalmatia, 
Albania, and Greece, the whole country is perforated like a 
sponge hy an intricate system of subterranean water-coui'SCS. 

In the more elevated districts of the Morea there are many 
deep land-locked valleys or basins iuoloscd on all sides by 
mountains of cavernous limestone. When the torrents arc 
swollen by th^ rains, they rush from the surrounding heughts 
into these basins ; but, instead of forming temporary lakes as 
would be the case in most other countries, they are swallowed 
hy chasms, which are sometimes situated in the middle of the 
plain, constituting the bottom of the closed basin, hut moiHS 
commonly at the foot of the surrounding escarpment of 
limestone. During the dry season, which in Greece altonuites 
almost as distinctly as between the tropics with a period of 
rain, these chasms are the favourite retreats of wild animals. 

Sometimes, in the limestone formation, the same sti’eam 
repeatedly gushes forth from some cavernous recess, and then 
again disappears. The caves of Adelsberg, Planina, and 
Upper Laibach in Oarniola, are traversed by the same river 
which, losing its name every time it plunges into a new 
subterranean channel, is called, first, the Poik, then the 
IJnz, and finally the Laibach. In the same manner the 
Temenitz, an affluent of the Save, thrice disappears under 
the earth, and thrice emerges as a new-born river with 
another name. 
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As far as tlicse subterranean streams bavo been explored, 
tlicir course exhibits a wonderful variety of interesting; under- 
ground soenery. Sometimes they form high cataracts, leaping 
over rooks so pictui'esquely grouped that, were they illumined 
by the sun, and of more easy access, they would be admired 
by nnmbexdess tourists ; and not seldom they expand into 
dark and melancholy lakes. Sometimes they with difficulty 
force a passage through a chaos of rocks, and then again they 
flow gently in a deep and even channel, so as to be navigable 
to a considerable distance. G-enerally, not the least breatli 
of air sweeps over their placid waters, but sometimes their 
surface is rippled by the wind pouring in through some unseen 
chasm. 

Among the bold explorers who have launched forth 
their barques on unknown subterranean rivers, the late 
Adolph Sohmidl, of Tiemia, holds a conspicuous rank. In 
a canoe specially constructed for the purpose he trusted 
himself to the dark streams of Carniola, which rewarded 
his adventurous zeal with many a scene of incomparable 
beauty, where the water-spirits and the gnomes seemed 
to have rivalled each other in the work of decoration. To 
give an idea of the difficulties and of the enjoyments of these 
subterranean explorations, we will follow the intrepid natura- 
list on Ms voyages of discovery through the famous Cave of 
Planina, through which flows the Poik, a river which is 
at all times deej) enough to carry a boat. The course of the 
navigation is stream-upwards, and consequently much safer 
than would otherwise have been the case ; but in many places 
the rapidity of the current calls for great caution, and 
considerable strength is needed to overcome its violence; 
while at the same time great care must be taken to avoid 
striking against the rocks that lie hidden under the watei*. 
As far as the end of a magnificcut dome, situated above 600 
feet from its entrance, the cave can be traversed on foot ; but 
here the sullen stream, completely filling its whole width, 
compels the exxflorer to timst to his canoe. Wlien he has 
passed a portal about eight fathoms high and half as broad, 
with proportions as symmetrical as if it had been sculptured 
by the hand of man, the tliiiiidering roar of a distant cata- 
ract aimomfbos still grander scenes. Tlie portal widens, and 
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tbe astonislied explorer suddealy emerges on a lake 250 feet 
long and 150 feet broad, beyond wbicb the cave is seen to 
divide into two arms, giving passage to two streams whose 
confluent waters form the lake. This broad sheet of water 
affords an imposing but melancholy sight. The walls of the 
rave rise everywhere abruptly out of the water, with the 
exception of one small landing-place opposite to the portal at 
the foot of a projecting rock or promontory. Here and there 
large masses of stalactite hang like petrified cascades from 
the rocks, which are generally naked and black. The vault 
is so high that the light of a few torches fails to pierce its 
gloom, which is rendered still more impressive by the roar 
of the waterfall in the left branch of the cavern. 

As far as the lake, the cave is of comparatively easy access, 
and has been repeatedly visited, but the subterranean course 
of the two brooks beyond was first explored by Dr. Schmidl. 
In the left or western branch of the cave, into which he 
penetrated to a distance of more than a mile, his boat had to 
be unloaded no less than eleven times on account of the reefs 
that obstructed its passage, while the explorers, wading 
Through the water, dragged it over the shallows. Once even, 
where the navigation was interrupted by large masses of 
rock, under which the tumultuous waters disappear with a 
dreadful roar, they were obliged to take the little shallop to 
pieces, and to reconstruct it on the opposite side of the 
mound. The navigable part of this western branch ends in 
a circular dome, the floor of which is entirely filled with a 
lake 180 feet long, and from 40 to 45 feet deep. On the 
western bank of this lake a chasm opens at the top of a 
mound of rubbish, the only place where it is possible to land. 
A violent gust of wind descends from this chasm, which 
sloping upwards, soon narrows to a small crevice, through 
which the current of air sets in. ^ 


To a lateral gallery, opening beyond the mouth of the 
chasm, Dr. Schmidl gaye the name of ‘The Stalactital 
Paradise, on account of the uncommon beauty of the spar- 
crysta s with which its walls were incrusted. It was the first 
time that the foot of man had ever penetrated into this charm- 
ing laboratory of nature ; no torch had ever soiled its brilliant 

decorations; no profane hand had ever damaged dts gem-lihe 
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tapestry. Here -whole groups of stalagmitie cones, of all- 
shapes and sizes, some like tiny icicles, others six feet high 
and as thick as a man’s waist, rose from the ground, while 
further on the hrown wall formed a dark background, from 
which projected in bold relief the colossal statue of a scep- 
tered king. Near the entrance stood a maguMcent white 
figure, which fancy might have supposed to be a cherub with 
a flaming sword, menacing all those who should dare to 
injure the wonders which he guarded. 

t £c ip-j3^0 gtalactical Paradise ” remained intact,’ says Dr. 
Schmid!.* ^ I begged my companions not to strike off the 
smallest piece of spar as a memorial of our visit, and they 
all willingly consented. Our feet carefully avoided trampling 
down any of its delicate ornaments ; we left it with no other 
memorial than our admiration of its beauty. The nymphs 
of the grot will no doubt have pardoned us for having 
intruded upon the sanctuary, where for countless centuries 
they had reigned in undisturbed solitude and peace.’ 

The eastern branch of the cave, through which the main 
stream flows, is much larger than the branch above described; 
it is also easily navigated, as it contains but two reefs and a 
small number of cliffs. On flrst ascending tlje stream, the 
continually increasing roar of waters announces a consider- 
able waterfall. Enormous masses of stone, piled up by the 
falling in of the roof, have blocked up and narrowed the bed 
of the river to fifteen feet, and cause the stream to shoot down 
in a broad sheet ten feet high. The cataract, madly rushing 
over the jet-black rocks and casting up flakes of milk-white 
foam, is very beautiful, and, when brightly illuminated, must 
produce a ti-uly magical effect. 

Beyond the cataract the river flows for a short space in an 
invisible channel, as its waters are completely hidden under 
rocks. It was no easy task to carry the planks of the dis- 
membered boat over these rugged blocks of stone ; but after 
reconstructing it on the opposite side of the mound, and over- 
coming the minor obstacles of a couple of reefs, the river wa-s 
found to flow in a deep channel between steep walls, and a 
free navigation opened to a distance of at least a league and 
a half. 

• Die Holileukiindo des Karstes.’ Wien, 1854, 
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‘ No description/ said Dr. Sclimidl, ‘ can do justice to the 
fascination of this subterranean Toyage. In some parts the 
roof is adorned with coral-shaped draperies of snow-white 
stalactites, but generally the walls are mere blade, naked 
stone. Here and there sources gurgle down their sides, and, 
along with the melancholy trickling of single drops of water 
from the vault, alone break the silence of the dark inter- 
minable cave. The breathless attention we bestowed on the 
guidance of our boat and on the wonders that surrounded ns 
sealed our lips, and we glided silently along through the 
dark waters, that now, for the first time since they began to 
flow, reflected the glare of a torch.’ 


Throughout the whole distance of 1,140 fathoms beyond 
the second reef, there is but one landing-place ; everywhere 
else the walls rise precipitously from the water. In some 
parts the roof descends so low that the explorers were 
obliged to lie down in the boat and to shove it along by 
holding to the projections of the vault, which finally loft but 
a few inches’ space above the water, and thus opposed an 
invincible obstacle to all further progress. 

In another grotto— called the Piuka Jama— the Poik 


again flows jn the midst of the grandest subterranean 
scenery. About a league to the north of Adelsberg, the 
wanderer, after traversing a thicket of underwood, suddenly 
finds himself on the brink of a yawning precipice, from the 
bottom of which is heard distinctly the noise of a rushing 
stream. The walls of the chasm are almost perpendicular, 
except where a small ravine, overgrown with shrubs, leads to 
an enormous rock, on which it is possible to stand, and, if 
perfectly free from giddiness, to look down into the gulf 
below, where the huge portal of a cave is seen to open. 

descent is by means of a rope. The bottom of the pit is 

“nrtsf 

ere cue first sees the nver rushing through the civo 
from nght to left. The Pinfca Jama miy thns be cZpZd 
to a wmdow pierced tbrongb a vault oversnannino. n ^ 
ranean stream. Clambering do™ a heap of r4Lb tire 
explorer at length stands upon the floor of /r/ ’ i 
■veacbes the banb of the Poik 

• Stream-upwards, about 300 
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fathoms from the aperture, he meets with a rock gate, through 
which the river rushes so violently that a hoat can master 
the current only when the water is unusually low. 

After crossing this broad portal, the last faint traces of 
daylight glimmering from the distant aperture in the Piuka 
entirely disappear, and the scene suddenly changes. The 
expanding cavern assumes the proportions of an imposing 
dome. On its left side a mound has been formed by the falling 
in of the roof ; but every block of stone is completely covered 
with calcareous incrustations of the purest white. Prom 
the -floor to the centre of the vault millions upon millions of 
brilliant spars reflect the light ; every hollow in the walls is 
a cabinet of gems. The background of the dome completes 
the beauty of the scene, and exhibits one of the most im- 
posing cavern decorations it is possible to conceive. A mon- 
strous pillar rises from its centre, forming two colossal 
ogival portals. The larger one is on the left, and at its 
entrance a mighty stalagmite, above twelve feet high, seems to 
forbid intrusion. TJie pillar itself and the vaults of both the 
portals are ornamented with the richest stalatical drapery. 

When the river is swollen it rushes tumultuously through 
both the gates, where now Dr. Schmidl found but a scanty 
riU whispering and hahbling among the stones. 
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CHAPTER XIV. 

SUBTERRANEAN LIPS. 

S;ibterraiioan Vegetation— Fungi — ^Enormons Fungus in a Tunnel noar Doueaster 
— Artificial Mtishroom-beiis noar Paris— Subtorranoan Animals — Tlio Quacharo 
— ^^Vliolesale SI aughtor— Insects in tho Cave of Adclsberg — Tlie Lopfcodirus and 
tlio Blothnxs— The Stalita tsenaria— The 01m or Protons — Tho Lake of Cirlc- 
nitz — Tho Archduke Ferdinand and Charon — Tho Blind Rat and tho Blind Fish 
of tho Mammoth Cave. 

O P all the plienomena whieli attract tlie naturalist’s atten- 
tion as lie wanders over the surface of the earth, there 
is none which makes a deeper impression on his mind than 
the omnipresence of life. On the snow-olad cone of Chimbo- 
razo, 18,000 feet above the level of the sea, Humboldt found 
butterflies and other winged insects, while, high over his 
head, the condor was soaring in solitary majesty. At tho 
still greater elevation of 18,400 feet, at the Hoonkiah Pass 
in the Himalaya Mountains, Dr. Plooker plucked flowering 
plants, and sn w large flocks of wild geese winging their flight 
above Kuncliinjinga (22,760 feet) towards the unknown re- 
gions of Central Asia. Thus man meets with life as far as 
he is able to ascend, or as far as his sight plunges into the 
atmospheric ocean. Besides the objects visible to his eye, 
innumerable microscopical organisms pervade the realms of 
air. According to Bhren berg’s brilliant discovery, the im- 
palpably fine dust which, wafted by the Harmattan, often 
falls on ships when hundreds of miles from the coast of 
Africa, consists of agglomerations of silica-coated diatoms, 
individually so small as to be invisible to the naked eye ; 
and everywhere numberless minute germs of future life— eggs 
of insects and sporules of nryptogamic plants — well fitted by 
cilia and feathery crowns for an aerial journey, float up and 
down in the atmosphere; while the waters of ocean a.ro 
found, in like manner, filled with myriads of animated atoms. 
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But organic life not only occupies those parts of our globe 
vvliicli are accessible to solar light ; it also dives profoundly 
into the subterranean world, wherever rain, or the melted 
snow, filtering through the porous earth, or through vents 
and crevices, is able to penetrate into natural caverns or 
a.rtificial mines. I'or the combination of moisture, warmth, 
and air is able to develop organic life even thousands of feet 
below the surface of the earth ; while lights though indis- 
pensable to most creatures, would blight and destroy the 
inhabitants of the subterranean vaults. 

On surveying the flora of these dismal recesses, we find it 
consisting exclusively of mushrooms or fungi, the lowest 
forms of vegetation, which, shunning the light, love darkness 
and damp. Their appearance in the caves is, as everywhere 
else, dependent upon the existence of an organic basis, and 
thus the}’ are most commonly found germinating on pieces of 
wood, particularly when in a state of decomposition, which 
have been conveyed into the caverns either through the agency 
of man or by the influx of water. Species of a peculiarly luxu- 
riant growth are sometimes seen to spread over the neigh- 
bouring stones, or apparently to spring from the rocky 
ground, where, however, on closer inspection, vestiges of 
decayed organic substances will generally be* detected. 

Thus vegetation in caves most commonly keeps pace with 
the quantity of mouldering wood which they contain, and 
flourishes not only near their entrance but in their deepest 
recesses; as, for instance, in the cave of Adelsberg, where, at 
a distance of more than a thousand fathoms from its entrance, 
the pegs which have been driven into the stalactital walls 
for the purpose of measuring its length are covered with a 
rich coat of fungi. Nothing can be more curious than to see 
these plants, thriving and luxuriating in deep stillness and 
gloom, under circumstances so alien to the ordinary con- 
ditions of life. Among the fungi found in caves, many also 
vegetate upon the surface of the earth exposed to the influ- 
ence of light, and not seldom degenerate into monstrous 
forms in their less congenial subterranean abodes ; but 
many are the exclusive childi’en of darkness. The Austrian 
naturalist Scopoli published in 1V72 the first exact descrip- 
tion of mote than seventy subterranean fungi, collected 
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cJiiefly in tlie mines of Schemnitz and Idria; and abont 
twenty years later Humboldt wrote bis celebrated treatise 
on tbe same subject.* Since then G. F. Hoffmann bas de- 
scribed tbe subterranean flora of tbe Hartz Mountains j f and 
latterly tbe botanists Welwitscb and Pokorny bave examined 
tbe caves of .Oarintbia, where tbey discovered no less than 
eighteen species of fungi, among others the mouse-tail 
mushroom {Agaricus myurus, Hoffm.), which is also found in 
the Hartz, and bears on a slender hairy stalk, more than a foot 
long, a small bat, scarcely a quarter of an inch in diameter. 
Some of these fungi are remarkable for their size {Telephora. 
ruhiginoscLj sanguinolenta), others for their elegance {Diderma 
mgripes). 

Some years ago a gigantic fungus, found growing from 
the woodwork of a tunnel near Doncaster, afforded a striking 
proof of the luxuriancy of subterranean vegetation. It 
measured no less than fifteen feet in diameter, and was, in 
its way, as great a curiosity as one of tbe colossal trees of 
Cabfornia. 


Even tbe plants that flourish in tbe darkness of caves 
have been rendered subservient to our use. Tbe cultivation 
of the edible^ mushroom in spacious caverns or ancient 
quarries is practised to a great extent in tbe environs of 
Paris, at Arcueil, Moulin de la Eoebe, and St. Germain, but 
particularly at Montrouge, on the southern side of tbe city. 
The mushroom-beds are entirely underground, seventy or 
eighty feet below the surface, at a depth where tbe tempera- 
ture is nearly uniform all tbe year round. These extensive 
catacombs, formed by long burrowing galleries, have no 
opening but by a cbcular shaft, to be descended by clamber- 
ing down a perpendicular pole or mast, into tbe sides of 
which krge wooden pegs are fixed, at intervals of ten or 
twelve inches, to rest the feet upon. 

The baskets containing the ripe musbrocms are hoisted 
bom below by a pulley and rope. The compost in which 
they grow consists of a white gritty earth, mixed with good 
stable manure, and is moulded into narrow beds about twenty 
inches high, ranged along the sides of the passages or gal- 


! ! Fribergensis Planfas Cryptogamicas pr^sartim subterraixeas » 
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lerios, and Icept exquisitely neat and smooth. The mushroom, 
sporules are introduced to the beds either to flakes of earth 
ta-ken from an old bed, or else from a heap of decomposing 
stable manure in which mushrooms have naturally been en- 
gendered. The beds are covered with a layer of earth an 
inch thick, the earth being merely the white rubbish left by 
the stone-cutters above. They must be well watered, and 
removed after two or three months, when their bearing 
qualities are exhausted. In one of the caves at Montrouge 
alone there are six or seven miles of mushroom-bedding — a 
proof that this branch of industiy is by no means unim- 
portant. 

While subterranean vegetation is exclusively confined to 
mushrooms, animal life of almost every class has far more 
abundant representatives, for plants are in general* much 
more dependent on the vivifying influence of light. 

The various animals which are found dwelling in caves 
may be subdivided into two groups ; one, which, though pre- 
ferring darkness, and spending a great part of its existence 
under the earth, yet often voluntarily seeks the light of 
day, or at least wanders forth at ni ght ; while the other is 
exclusively subterranean, and is’ never seen above the surface 
of the earth, unless by chance or when di-iven out by violence. 

To the first group belong most of the insectivorous and 
rodent quadrupeds that dwell in self-made burrows, or pursue 
a subterranean prey, such as the armadilloes and the moles. 
The large family of the bats likewise love to sleep by day, or 
to hibernate in warm and solitary caves, where they are 
sometimes found in numbers as countless as the sea-birds 
which flock round some rocky island of the north. When 
Professor Silliman visited the Mammoth Cave (October 16 , 
1822 ), he everywhere saw them suspended in dense clusters 
from the roofs, though a large number had not yet retired 
into winter-quarters. In a small space scarcely four or five 
inches square, he counted no less than forty bats, and con- 
vinced himself that at least one hundred and twenty find 
room on a square foot, as they held not only by the surface 
of the walls of their retreat, but by each other, one closely 
crowding over another. Such clusters are found in the 
interior of the Cavern, which branches out in many directions 
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. as far as two miles from tlie entrance, so that a Torj siipo.r- 
ficial survey allows them to he counted by millions. Who, 
ill these dismal regions, where no change of temperature or 
of light announces the various seasons, tells them that the 
reig’ii of winter is past P who awakes them at the proper 
time out of the deep sleep in which they remain j^lunged . 
for months? The same mysterious voice of instinct which 
regulates the migrations of the birds and the wanderings of ■ 
the fishes, and which in this case, as in every other, is 
equally wonderful and incomprehensible. 

In the class of birds we find many cave-haunting species. 
The pigeons like to nestle in grottoes, which also serve iis 
welcome retreats to the moiling owl ; and various swallows 
and swifts breed chiefly in the darkness of caverns. One 
of the most remarkable of these troglodytic birds is the 
Guacharo, which inhabits a large cave in the Yalley of Carip(', 
near the town of Cumana, and of which an interesting 
account has been given by Humboldt, who first introduced 
it to the notice of Europe. 

The Oaeva del Guacharo is pierced in the vertical profile of 
a, rock, and the entrance is towards the south, forming a 
noble vault eighty feet broad and seventy-two feet high. The 
rock surmounting the cavern is covered with trees of gigantic 
growth, and all the luxuriant profusion of an inter- tropical 
vegetation. Plantain-leaved heliconias and wondrous orchids, 
the Praga palm and tree arums, grow along the banks of 
a river that flows out of the cave, while lianas, and a 
variety of creeping plants, rocked to and fro by the wind, 
form elegant festoons before its entrance. What a contrast 
between this magnificently decorated portal and the gloomy 
mouth of the Surtshellir, imbedded in the lava wildernesses 
of Iceland ? As the cave at first penetrates into the moun- 
tain in a straight direction, the light of day does not dis- 
appear for a considerable distance from the entrance, so that 
visitors are able to go forward for about four hundred and 
thirty feet without being obliged to light their torches ; and 
here, where light begins to fail, the hoarse cries of the noc- 
turnal birds are heard from afar. 

The guacharo is of the size of the common fowl. Its hooked 
bill is wide, like that of the goat-sucker, and furnished at tho 
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Inise wifcli stiff liairs directed forwards. TLe plumage, like 
that of most nocturnal birds, is brownish grey, mixed 
with black stripes and large white spots. The eyes are in- 
capable of bearing the light of daj, and the wings are dis- 
proportionately large, measuring not less than four feet and 
a half from tip to tip. It quits the cavern only at nightfall, 
especially when there is moonlight j and Humboldt remarks 
that it is aluioat the only frngivorous nocturnal bird yet 
known, for it does not prey upon insects like the goat- 
sucktn-, but feeds on very hard fruits, which its stvong hooked 
beak is well iitted to crack. The ho 2 *rible noise made by 
tliousands of these birds in the dark recesses of the cavern can 
b(5 compared only to the wild shrieks of the sea-mews round 
a, S(jlitaay bird mountain, or to the deafening uproar of the 
(•.rows when assembled iji vast flocks in the dark fir-forests of 
the North. The clamour increases on advancing deeper 
into tlui cave, tlie birds being disturbed by the torch-ligiit ; 
UiUd as those nestling in the side avenues of the cave begin 
to utUir their mouruful cries when the first sink into silence, 
it seems aa if their ti’oops were alternately complaining to 
each other of 

Such us wnud’rinp near llui soeriit bowui' 

Mtilorft Uu'ir lUiciunL solitary vergs. , 

By fixing torches to the end of long pules, the Indians, who 
stuvo as guides into the cavern, show the nests of these birds, 
fifty or sixty feet above the heads of the explorers, in fuiniek 
shaped holes with which the caveiai roof is pierced like a 
sieve. Once a yc'ar, about inidsnmiiier, the Giiacharo Cavern 
is entered by the Indians. Armed with poles they ransack the 
greater part of the 3iests, while tJie old birds, uttering 
la,inentablo crit's, hover over the heads of the robbers. The 
young which Call down are opened on the spot. The peri- 
ioiiamm is luiuul loaded with fa, t, and a layer of the same 
siihshMice reaches from the abdomen to the vent, forming a 
Iciud of cushion hetweim the birds’ legs. The European noc- 
i,urua,l birds are meagre, as, instead of feasting on fruits and 
oily lawiiols, lli(3y live upon the scanty produce of the chase ; 
while ill the guacharo, a,s iu our fattened goeso, tiie accumu- 
bition of fat is promoted hy darkness and abundant food. 
At the perioikabuvc mentioned, which is known at Caripe as 
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the ‘oil lia.rvest,’ huts are erected by the Indians with palm 
leaves near the entrance, and even in the very porch of the 
cavern. There the fat of the young birds just killed is 
melted in clay pots over a brushwood fire, and is said to bo 
very pure and of a good taste. Its small quantity, ho\vevt>r, 
is quite out of proportion to the numbers killed, as not inor(i 
than 150 or 160 jars of perfectly clear oil are collected from 
the massacre of thousands. 

The way into the interior of the cavern leads along the 
banks of the small river which flows through its dark 
recesses j but sometimes large masses of stalactites obstruct 


the passage, and force the visitor to wade through the water, 
which is, however, not more than two feet deep. As far as 
1,458 feet from the entrance the cave maintains the same 
direction, width, and height of sixty or seventy feet, so that 
it would be diflBcult to find another mountain cavern of so 
regular a formation. Humboldt had great difficulty in per- 
suading the natives to pass beyond the part of the cave whiedx 
they usually visit to collect the oil, as they believed its deeper 
penetralia to be the abode of their ancestors’ spirits; but siiuio 
the great naturalist’s visit, they seem to have abandoned tludr 
ancient superstitions, or to have acquired a greater courage in 
facing the mysteries of the grotto, for, while they would only 
accompany Humboldt as far as 236 fathoms into tlio int(‘rior 
of the cave, later travellers, such as Codazziand Beanpertiiis, 
have advanced with their guides to double the distance, 
hough without reaching its end. They found that biwond 
the furthest point explored by Humboldt the cave loses its 
regularity, and has its walls covered with stalactites. In the 
embranchments of the grotto Godazzi found innumernblo 
birds. ^ It was formerly supposed that the guacharo was 
exclusively confined to this cave; latterly, however it has 
also been found in the province of Bogota. 

The discovery of animals destined to a life of nernetual 
daximess is but of modem date, and as the vast mSt ^f 

trJZZ getem LfZX' 

ab^to tbdfnZte cmiTde” 

kua gvottoes, wbiob foi.; bu^ 
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extensive cavernous regions of Oarniola, seven exclusively 
subterranean insects — one spider, two scorpionides, one 
millepede, two crustaceans, one snail, and one reptile ; in all 
fifteen different species of animals, belonging to no less than 
six different classes — have been found. 

Among these dwellers of the dark, warfare us as rife as 
in the regions of light. Thus, in the recesses of the 
Grotto of Adelsberg, the cavern beetle (Leptodirus JSocJien- 
ivartii) is persecuted and devoured by the scorpioniforin 
Blotkriis spdcBus, and by the eyeless spider [Stalita icen- 
aria). The black and brown Leptodirus discovered in the 
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Grotto of Adelsberg in 1831 by Count Tlochnnwart, is dis- 
tinguished by long and delicate antemiEe and legs, and 
comparatively small translucent and smooth elytra. The 
unique specimen found at the time was unfortunately lost ; 
and although twenty-five florins were offered to the cavern 
guides for one of these beetles, fourteen years passed before 
it was re- discovered in the same cave. Since then other 
collectors have been more fortunate, particularly Prince 
Robert Khevcnhliller, who, during his repeated visits to the 
Cave of Adelsberg, cai^tured no less than twenty specimens of 
the Leptodirus. 

Cautiously feeling its way with its long antennae, the 
beetle slowly ascends the damp stalactital columns, and acce- 
lerates its movements at the approach of a light. The greater 
number were found in the evening, thus giving reason for 
supposing that the Leptodirus is a nocturnal beetle, although it 
is hardly possible to conceive how the alternating influence of 
night and da/ can still be felt in these regions of darkness. 
The manner in which it is pursued hy the eyeless Bk)ihrus 
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(discovered in 1883 by Mr. F. Schmidt), lias been several 
times observed by Prince Khevenhiiller. He once saw one 
of these cavern scorpions slowly crawling along, stretching 
out its palpi in all directions, and evidently on the search. 
He immediately guessed that the animal was engaged in a 
hunting expedition, and soon found that he was not mis- 
taken, for a fine Leptodirus was crawling about four feet 
higher on the opposite wall. Por a long time the Prince 
^eft the two insects undisturbed, until he had thoroughly 
convinced himself that the movements of the Blothrus were 
evidently regulated by those of the Leptodirus, and that the 
former was, beyond all doubt, in j)ursuit of the beetle. A 
Leptodirus having been thrown along with a Blothrus into a 
phial, was immediately cut to pieces and devoured. 

The eyeless cavern spider [Stalita tcpnaria), with 
brownish palpse and a snow-white abdomen, is not seldom 
found in the hollows of the stalactites, lying in wait for 
the unfortunate Leptodirus. On the surface of the earth 
spiders are frequently obliged to fast for a very long time ; 
but in caverns, where life is so sparingly distributed, the 
patience of the Stalita must be exemplary, even among spiders. 
Her appearance on the snow-white stalactital columns, where 
she only becomes visible when illumined by the full light 
of a taper,* is very striking. Like a vision, she sweeps 
away in her ivory robe, accompanied by her increasing 
shadow, until she finally disappears in the darkness. 

But the largest and most interesting of all the European 
cave animals is undoubtedly the 01m {Prote^is arngihinus ; 
H'ljpochthon). This enigmatic reptile was first found in the 
famous Lake of Cirknitz, which, communicating with nu- 
merous subterranean caves, alternately receives and loses its 
waters through openings in the rock. After long and heavy 
rains the fioods, which the hidden vaults are no longer able 
to contain, gush forth in foaming cataracts, and the lake, 
which generally forms but a long and narrow channel, then 
swells to at least three times its ordinary width. Sometimes, 
after a long drought, the contrary takes place, and the whole 
lake disappears under ground. Thus, from December 1833 

* Torches are not allowed to he carried in the Grotto of Adelsbei-g, thal- I ho 

litcness of the stalactites may not he tarnished by the smoko.*^ 
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io October not a trace of it was visible, so tliorougbly 

bad it concealed itself in its subterranean reservoirs, where its 
fishes, secure from the persecutions of man, multiplied in a 
remarkable manner. The 01m, which only casually comes to 
the light of day, along* with the overflowing* waters of the Cirk- 
nitz Lake, was first discovered in 1814, in one of its perma- 
in ent subterranean abodes. The Magdalena or ^ Black Grotto,’ 
situated about a league to the north of Adelsberg, slants 
abruptly into the bowels of the mountain. After a long and 
difficult passag-e over blocks of stone, or through soft mud, a 
tranquil pool is at length reached, which rises or falls simul- 
taneously with the waters of the Boik, and proves, by this 
reciprocal action, that, in all probability, all the numerous 
grottoes and subterranean river channels of this so strangely 
undermined country form but one vast and intricate network. 
It was in this pool, which no light illumines and no wind ever 
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stirs, that numerous Pi’otei wei'e first discovered ; but as huii- 
drods of specimens have since found their way to the cabinets 
of naturalists, to be observed, dissected, or bottled up in 
spirits, their number ha,s very much decreased, and the time is 
perhaps not far distant when they will be entirely extirpated 
in the grotto, where from time immemorial they had enjoyed 
an undisturbed security. The Proteus is one of those remark- 
able reptiles which breathe at the same time through lungs 
and gills, having on each side of the neck three rose-red 
branchim, which it retains through life, as its lungs are but 
imperfectly developed. It has a long, eel-like body, with an 
elongated head, a compressed tail, and four very short and 
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thin legs. The skin is flesh-coloured, and so transluceiit 
that the liver and the heart, which beats about fifty times iu 
a minute, can be distinctly seen underneath. In spite of its 
apparent vrealmess, it is able to glide rapidly through the 
water. Its four little legs remain immovable while swim- 
ming ; they ‘are only used for creeping, and then iu a very 
imperfect manner. During rapid movements the gills swell 
and assume a lively scarlet colour ; when quiet, they collap>sc, 
and become white like the rest of the body. Sometimes the 
animal raises its head above the water to breathe, but pul- 
monary resph-ation evidently plays but a secondary part in 
its economy, as it can only live a very short time out of the 
water. The skeleton consists almost entirely of cartilage. 
The eyes (two little black spots) lie buried under the skin, 
and, as may well be imagined, are very imperfectly developed. 
Although more than a thousand specimens have been ob- 
served, yet but little is known about its mode of life, nor has 
it been ascertained whether it is oviparous or brings forth live 
young. In a captive state the Proteus is able to live for 
several years without any apparent food; but on fastening a 
small worm to the extremity of a thin stick, and holding it 
under the water close to the head of the reptile, it shoots 
rapidly towards it, swallows it with the same velocity, then 
ejects it again, and repeats this manoeuvre several times, 
until it finally retains the morsel. The untiring zeal of the 
German naturalists has discovered the Proteus in thirty-one 
different caverns, and ascertained seven distinct species, 
varying by their size, the form of the head, the position of 
the eyes, and the colour of the skin. Six of these species 
belong to the caverns of Carniola, and the seventh to those 
of Dalmatia. Two different species never inhabit the same 
cavern. 

During the visit which the Archduke Ferdinand paid, in 
1819, to the Magdalena Grotto, the most remarkable parts 
of the cave were brilliantly illuminated, so as to produce a 
magical effect. Charon’s boat, issuing from a dark recess, 
came gliding along over the black surface of the pool. The 
grim ferryman di'ew up his net before the august visitors and 
presented them with six Protei that had beep entangled in 
Its meshes. Dr. Schmidl mentions part of the subterranean 
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river in tlie Plauiiia Cave, 1,715 fathoms from the entrance, 
as the spot where the Protei are most abundant. Near to a 
small cascade which tlie rivulet here forms over a reef, the 
waters absolutely swarm with them, and the light-coloured 
animals, darting about in all directions in the dark stream, 
afford a strange and picturesque spectacle. As’ the cavern 
is of most difl&cult access, they here enjoy a tranquillity 
rarely disturbed, and no doubt they have many other still 
more hidden retreats, to which man is incapable of pene- 
trating. The best mexhod for transporting the Proteus is 
now perfectly understood, and hving specimens have been 
conveyed as far as Pussia, Hungary, and Scotland. All that 
they need is a frequent supply of fresh water, and a careful 
removal of all light. Their food need cause no trouble, as the 
water contains all they require. It is recommended to lay a 
piece of stalactite from their native grotto in the vase in which 
they are transported. When resting or sleeping, they then 
coil themselves round the stone, as if tenderly embracing it. 
In this manner they have already been kept above five years 
out of their caverns. The guides to the Grrotto of Adelsberg 
have always got a supply on hand, and sell them for about 
two florins a-piece. 

On turning our attention from the grottoes of Carniola to 
those of the New World, we find, in the vast Mammoth Cave 
in Kentucky, a no less interesting animal creation, which, 
though different from that of the Austrian caverns, still shows 
a certain family resemblance, and affords another proof that a 
similarity of external circumstances always produces analo- 
gous forms of organic life. Thus, the two blind beetles which 
are found in the Mammoth Cave belong to the same genera 
{Anophthalmiis and Adelops) that have also their repre- 
sentatives in the Grotto of Adelsberg. The largest insect is 
here a species of cricket, with enormously long antemise ; 
there are also two small white eyeless spiders and a few 
crustaceans. The Mammoth Cave has no proteiform reptile 
to boast of, but a peculiar blind rat and a peculiar blind fish. 

The cavern rat, which is tolerably numerous, but which, 
on account of its remarkable timidity, seldom shows itself, 
differs from the common or Norway rat, by its bluish colour, 
its white abdomen, neck, and feet, and its soft hair- It has 
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large black eyes, like those of a rabbit, but entirely destitute 
of an iris, and uncomminonly long whiskers, as if Nature had 
wished to indemnify it for the loss of sight by a more j)erfect 
develo23iaent of the sense of touch. Although the eyes of this 
rat are large and brilliant, yet Professor Silliman coiirinced 
himself of their perfect insensibility to light. All proof is 
wanting that it ever visits the upper world. 

The blind fish {Amhlyopsis speLceus) is now become toler- 
ably rare from its having been so frequently fished out of the 
Lethe stream, as the subterranean river of the Mammoth Cave 
is called. Many physiologists have already made it the sub- 
ject of their observations, and are generally of opinion that the 
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Ambljopsis was not originally blind, but that, liaTm<» found 
Its way nto the cave, it gradually lost its powers of vision. 
Ihe celebrated naturalist Agassiz, however, being perfectly 
convmced that ah animals existing in a wild state have been 
created within their actual bounds with all the peeuliaritio.s 
of structure which distinguish them at the present day, is of 

the Mammoth Cave are the aboriginal children of darlaiess 
and have at no time been connected with the world of li.riit ’ 
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CAVES AS PLAGES OP EEPUGE. 

The Cave of Adallam — Mahomet in the Cave ofThaur — The Cave ofLongara — ll\e 
Cave of Egg — The Caves of Eathlin — The Cava of Yeermalik — The Caves of 
Granada — Aben Aboo, the Moidsco king — The Caves of Gortyna and Melidoni 
— Atrocities of French 'Warfare in Algeria — ^The Caves of the Dahra— The Cave 
of Shelas— St. Arnaud. 

I X time of war or persecution, caverns liave often served as 
places of concealment. It was in tlie cave of Adullam 
that David Md himself to escape from the fiirj of Sanlj and 
on the flight from Mecca to Medina, Mahomet and his dis- 
ciple Abu Bekr took refuge in a cave in Mount Thanr. They 
left Mecca while it was yet dark, making their way on foot 
by the light of the stars, and the day dawned, as they found 
themselves at the foot of the hill, abont an hour’s distance 
from the holy city. Scarcely were they within the cave 
when they heard the sound of pursuit. Ahu Bekr, though a 
brave man, quaked with fear. ‘ Our pursuers,’ said he ‘ are 
many, and we are hut two.’ “^Nay,’ replied Mahomet, Hhere 
is a third : God is with us ! ’ 

And here the Moslem writers relate a miracle dear to the 
minds of true believers. By the time, say they, that his 
X^ursuers, the Xoreishites, reached the mouth of the cave, an 
acacia tree had sprung up before it, in the spreading branches 
of which a x)igeoii had made its nest and laid its eggs, and 
over the whole a spider had woven its weh. When the 
Koreishites beheld these signs of undisturbed quiet, they con- 
cluded that no one could recently have entered the cavern, 
so they turned away and pursued their search in another 
direction. 

But caverns have not always proved safe places of refuge, 
and a barbarous enemy has oftenused them for the destruction 
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of those who there vainly sought safety. Thus, in Palestine, 
the Jews, who hid themselves with their wives and children in 
deep caverns hollowed in the flanks of a precipitous mountain, 
could not escape the satellites of Herod, who, let down from 
above in large baskets or tubs, put these defenceless fugitives 
to the sword. During the Gallic war Caesar ordered his lieu- 
tenant Crassns to wall up the mouths of the caves in which 
the inhabitants of Aquitaine had sought a refuge, and many 
of them were thus immured alive. 

In the year 1510, when the French army, on its retreat 
from Italy, was traversing the defiles of Piedmont, the rear- 
guard, commanded by the famous Chevalier Bayard, the good 
knight ^without fear or reproach,’ having halted at Longara, 
the mercenaries, who formed a considerable part of his troops, 
spread over the country, pillaging and destroying wherever 
they went. 

To escape from these savage bands, the nobles of the dis- 
trict persuaded about two thousand of the peasantry to accom- 
pany them, with their families and an abundant supply of pro- 
visions, into the Cave of Longara, which forms a vast though 
low vaulted hall, about 1,200 feet long and 800 feet broad, but 
with an entrance so narrow that only a single person can 
pass at a time. The mercenaries, having discovered the 
secret of the cave, rushed to the spot, eager for pillage. The 
unfortunate refugees vainly strove to soften the hearts of 
these barbarians; but, finding all supplications vain, they took 
courage from despair, and, favoured by the natural strength 
of the cave, repelled the attack of the first banditti who 
attempted to force an entrance. 

The ruffians now returned to the charge in greater num- 
bers ; but being still unable to accomplish their object, they 
formed the diabolical plan of setting fire to a heap of hay, 
straw, and greenwood, which they piled up before the mouth 
of the grotto. The smoke penetrated into the cave and 

in a short time the two thousand wretches it contained 

mostly women and children— were suffocated. Bayard 
enraged at this barbarous act, which sullied his own honour’ 
ordered the ringleaders to be seized and hanged before the 
entrance of the cave. 

While these malefactors 


were in the hands of the 
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executioner^, a lad of fourteen, tlie only survivor of the catas- 
trophe, was seen to crawl out of the grotto. Bayard ordered 
every aid to he rendered him which his state required, and 
could not refrain from tears while listening to his lamentable 
tale. The hoy related that when the smoke began to spread 
in the cavern, the nobles, resolving to die at least like soldiers, 
wanted to sally forth, sword in hand, but were prevented by 
the peasants, who fell upon them, and disarmed them, saying, 

^ You have led us hither, and here with us you shall die ! ’ 
Thus, a few moments before a common doom was to destroy 
both nobles and serfs, a horrible strife had arisen between 
them in the darkness of the cave. 

‘ And thou, my friend,’ asked Bayard, ‘ by what miracle 
hast thou escaped death ? ’ ^ I had remarked,’ answered the 

lad, ‘ a feeble ray of daylight in a corner of the grotto, and 
applied my mouth to the crevice through which it passed. 
I soon fainted, but this small portion of fresh air pre- 
served my life. When I recovered my senses, I remembered 
all that had passed, but I was alone, and it took me a long 
time to crawl ont of the grotto.’ ‘All thy companions,’ 
answered Bayard, ‘ have been buried, by my orders, in con- 
secrated ground 5 and behold ! there hang their assassins ! ’ 

Unfortunately the history of our land is tarnished with 
similar deeds of atrocity. 

A cave in the Isle of Egg, one of the Hebrides, has a very 
narrow entrance, through which one can hardly creep on 
knees and hands, but it rises steep and lofty within, and runs 
into the bowels of the rock to the depth of 255 measured feet. 
The rude and stony bottom of this cave is strewed with the 
hones of men, women, and children, the sad relics of the 
ancient inhabitants of the island, 200 in nnmher, of whose 
destruction the following story is related. ‘ The Macdonalds, of 
the Isle of Egg, a people dependent on Clanranald, had done 
some injury to the Laird of Macleod. The tradition of the isle 
says that it was by a personal attack on the chieftain, in 
which his back was broken ; but that of the other isles hears 
that the injury was offered to two or three of the Macleods, 
who, landing upon Egg, and behaving insolently towards the 
islanders, were hound hand and foot, and turned adrift in a 
boat, which the winds and waves safely conducted to Skye. 
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To avenge tlie offence given, Macleod sailed with, snch a 
body of men as rendered resistance hopeless. The natives, 
fearing his vengeance, concealed themselves in the cavern 5 
and, after strict search, the Maeleods went on board their 
galleys, after doing what mischief they could, conclnding 
the inhabitants had left the isle. But next morning' they 
espied from their vessels a man upon the island, and, im- 
mediately landing again, they traced his retreat, by means 
of a light snow on the ground, to the cavern. Macleod 
then summoned the subterraneous garrison, and demanded 
that the inhabitants who had offended him should be de- 
livered up. This was peremptorily refused. The chieftain 
thereupon caused his peoiffe to divert the course of a rill of 
water, which, falling over the mouth of the cave, would have 
prevented his purposed vengeance. He then kindled at the 
entrance of the cavern a huge fire, and maintained it until 
all within were destroyed by suffocation.^ * 

In the reign of Queen Elizabeth, a no less horrible deed 
occurred during the campaign of Essex against the Irish 
rebels. When the English forces entered Antrim, the Scots 
of that county had sent their wives and children, their 
aged and their sick, to the island of Eathlin for safety. Sir 
John Norris was directed by the Earl to cross over and kill 
all that he could find. The run up the Antrim coast was 
rapidly and quietly accomplished. Before an alarm could bo 
given the English had landed close to the church which 
bears Columba’s name. The castle was taken by storm, 
and every soul in it — about two hmidred — put to the sword. 
It was then discovered that the greater part of the fug-itives, 
chiefly mothers and their little ones, were hidden in the 
caves about the shores. There was no remorse,’ says 
Fronde, ‘ not even the faintest shadow of perception that the 
occasion called for it. They were hunted out as if they had 
been seals or otters, and all destroyed.’ 

When the barbarian Genghis Khan invaded Kooiidooz in 
Central Asia, 700 men took refuge, with their wives and 
families, in the cave of Teermalik, and defended themselves 
so valiantly that, after trying in vain to destroy them by fire, 

WdtllS’" "" - Life of Sir 
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tlie invader built tbem in with, huge natural blocks of stone, 
and left them to die of hunger. In the year J 840, the cave 
was visited by Captain Burslem and Lieutenant Sturt, pro- 
bably the only Europeans that ever entered its sepulchral 
recesses, as the people in the neighbourhood believe it to be 
the abode of Sheitan (the devil), and are as reluctant to guide 
a stranger as to exx^lore it themselves. The entrance is hall 
way up a hill, and is fifty feet high, with about the same 
breadth. IsTot far from the entrance the travellers found a 
passage between two jagged rocks, possibly the remains of 
Genghis Khan’s fatal wall, so narrow that they had some 
difficulty in squeezing through, and then before long came to a 
drop of sixteen feet, down which they were lowered by ropes. 
Here they left two men to haul them up on their return, and 
bade farewell to the light of day. The narrow path, which 
led by the edge of a black abyss, sometimes over a flooring of 
smooth ice for a few feet, widened graduahy till they reached 
a damp and dripping hall, so vast in size that the light of 
their torches did not enable them to form any idea of its 
size. Ill this colossal hall, or rather tomb, they found the 
remains of the victims of Genghis Khan : hundreds of 
skeletons, in a perfectly undisturbed state — one, for instance', 
still holding the skeletons of two infants in it's long arms — 
while some of the bodies had been preserved, and lay 
shrivelled, like the mummies reposing in the sepulchral vault 
of the Great St. Bernard. 

In the dark history of Philip II. of Spain, one of the 
darkest passages is tha.t of the rebellion and final destruction 
of the Moors of Granada. Driven to despair by an intolerable 
tyranny, the unfortunate peoxde at limgth rose in arms 
against their oppressors ; but all their bravery, aided by the 
natural strength of their mountain fastnesses, failed to defend 
them against the sux>crior arms of their pitiless enemy. 
Defeated in every encounter, driven from every .stronghold, 
thousands perished by famine or the sword, and those who 
submibted were either condemned to a cruel dofith or exiled 
from their native soil. Many were driven to so(dc a refuge 
in the caves of the Ali)ujarras, south-east of Granada, and 
of the bold .sierras that streich along the southern aluu’os of 
Spain. ThciQ- pursiu'rs followed up the chasc' wiiJi ihe fierce 
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o-lee of the hunter tracking the wild beast of the forest to his 
lair. There they were huddled together, one or two hundred 
frequently in the same cavern. It was not easy to detect 
the hiding-place amidst the rocks and thickets which covered 
np and concealed the entrance. But when it was detectiul, 
it was no difficult matter to destroy the inmates. The green 
bushes furnished the material for a smouldering fire, and 
those within were soon suffocated by the smoke, or, rushing 
out, threw themselves on the mercy of their pursuers. Some 
were butchered on the spot; others were sent to the gibbet 
or the galleys ; while the greater part, with a fate scarcely 
less terrible, were given up as the booty of the soldiers, and 
sold into slavery. 

Aben Aboo, the last chief of the insurgents, who had 
hitherto eluded every attempt to sieze him, but whoso capture 
was of more importance than that of any other of his nation, 
had a narrow escape in one of these caverns not far from 
Berchal, where he lay hid with a wife and two of his 
daughters. The women were suffocated, with about seventy 
other persons ; but the Morisco chief succeeded in making his 
escape through an aperture at the further end, which was 
unknown to his enemies. 

Unfortunately, the little king of the Alpuj arras, as ho was 
contemptuously called by the Spaniards, was soon after 
killed in another cavern by a traitor’s band, and with him 
fell the last hope of the Moriscos. His corpse, set astride on a 
mule, and supported erect in the saddle hy a wooden frames, 
concealed beneath ample robes, was led in triumphal pix)- 
cession through the streets of Granada, and then docapitatcul. 
The body was given to the rabble, who, after dragging it 
through the streets with scoffs and imprecations, coimnitted 
it to the flames, while the head, inclosed in a cage, was sot 
np over the gate which opened on the Alpuj arras. Tliore it 
remained for many a year, no one venturing to remove it, for 
on the cage was inscribed, ‘ This is the head of the traitor 
Aheii Aboo. Let no one take it dowii, under pain of 
death.’ 

The neighbourhood of Gortyna, in the island of Crete, has 
become celebrated in modern times for a mountain-labyrinth, 
with numerous and intricate passages, which oxtsts in a valley 
near it, and in which the myth of the Dmdalean labyrinth 
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was probably localised. During tbe revolutionary war 
against tlie Turkish yoke (1822-1828), the Christian in- 
habitants of the adjacent vihages, for months together, 
lived in this cavern, merely sallying out by day to tUl their 
lands, or to gather their crops, when it was safe to do so. 
Though the dark recesses of the cavern were not very 
inviting abodes for human beings for any long period, yet 
the sense of safety gave it, doubtless, a peculiar charm ; for 
no one could approach within range of the numerous 
muskets pointed from masked loopholes at its entrance, 
without being immediately shot down; nor could either 
fire or smoke suffocate or dislodge its inmates, as the entrance 
is in the side of a steep hiU, 500 or 600 feet above the bed 
of the wild valley in which it is situated, and thus is safe from 
attack in every direction. History as well as tradition 
states that in all troubled times in Crete, the labyrinth 
of Gortyna has been the retreat of the inhabitants of the 
neighbourhood ; but when Captain Spratt visited it in 1852, 
its only inhabitants were bats, who, by their mode of hooking 
on to each other, were hanging from the ceiling like clusters of 
bees. Under good native guides, he spent nearly two hours in 
threading its tortuous passages, which turn in so many ways 
and have so many branches as to justify the conclusion that 
a master hand must have directed the excavation. The 
mark of the tool is seen upon every side of the avenues and 
chambers, indicative of its artificial character. 

Less fortunate than their brethren of Gortyna were the 
unfortunate Cretans who, during the same war, took refuge 
in the cave of Melidoni. In 1822, when Hussein Bey marched 
against the neighbouring village, the inhabitants, to the 
number of three hundred, repaired to the cave, taking with 
them their valuables and provisions sufficient for six months. 
The entrance is so narrow and steep that they were perfectly 
secured against an attack, and the Turks in their first 
attempt lost twenty-five men. Finding that they refused 
submission on any terms, Hussein Bey ordered a quantity of 
combustibles to be brought to the entrance and set on fire. 
The smoke, rolling into the cavern in immense volumes, 
drove the miserable fugitives into the remoter chambers, 
where they lingered a little while longer, but were all 
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eventually suffocated. Tlie Turks waited some days, but 
still did not dare to enter, and a Greek captive was finally 
sent down on tke promise of Hs life being spared. The 
Turks tlien descended and plundered tlie bodies. A. week 
afterwards tliree natives of the village stole into the cavern 
to see what had become of their friends and relatives. It is 
said that they were so overcome by the terrible spectacle 
that two of them died within a few days. Tears afterwards, 
when the last vestiges of the insurrection had been sup- 
pressed, the Archbishop of Crete blessed the cavern, making 
it consecrated ground ; and the bones of the victims were 
gathered together, and partially covered up, in the outer 
chamber — a vast elliptical hall, about eighty feet in height, 
and propped in the centre by an enormous stalactitic pillar. 
On all sides the stalactites hang like filuted curtains from 
the roof, here in broad-sheeted masses, there dropping into 
single sharp folds, but all on a scale of Titanic grandeur. 
In this imposing and silent hall, under the black banners of 
eternal Night, lay heaped the mouldering skulls and bones 
of the poor Christians. They could not have had a more 
appropriate sepulchre. 

Such have been the atrocities of Turkish warfare within 
the memory of living man ; but French officers have in our 
days emulated the cruelty of Ottoman commanders, and 
shown that the nation which boasts of marching afc the head 
of civilisation has still retained much of its ancient Gallic 
barbarism. When Marshal Pelissier filled with smoke 
the crowded caves of the Dahra in 1844, and destroyed 
many hundreds of Kabyls, whose great crime it was to 
defend their country against the French hordes, it has been 
stated, as an excuse for this atrocity, that he left open some 
of the entrances to the caves, and that he only resorted to 
the smoke as a means of compelling the fugitives to come 
out and surrender ; but no such excuse can be pleaded in 
favour of his successor, St. Arnaud. In the summer of 
1845,* this French commander received jprivate infor- 
mation that a body of Arabs had taken refuge in the cave 
of Shelas. Thither he marched a body of troops. Eleven 
of the fugitives came out and surrendered; but ifc was 
known to St. Arnaud, though not to any other French- 

* Kinglake, 
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Biaii, that five hundred men remained in the cave. All 
these people Colonel St. Arnaud determined to kill, and at 
the same time to keep the deed secret even from the troops 
engaged in the operation, as the smoking of the caves of 
the Dahra had not greatly tended to raise I’rance in the 
public opinion of Europe. Except his brother and Marshal 
Bugeaud, whose approval was the prize he sought, no one 
was to know what he did. He contrived to execute both his 
purposes. Thus he writes to his brother : — ‘ I had all 
the apertures hermetically stoj^ped up. I made one vast 
sepulchre. Ho one went into the caverns ; no one but myself 
knew that under these there were 500 brigands who will 
never again slaughter Erenchmen. A confidential report 
has told all to the marshal, without terrible poetry or 
imagery. Brother, no one is so good as I am. by ta.ste 
and by nature. Erom the 8th to the 1 2th I have been ill, 
but my conscience does not reproach me. I ha,ve done my 
duty as a commander, and to-morrow I would do the same 
over again 5 but I have taken a disgust to Africa.’ With 
such nauseous sentiment wrote the man, ‘ good by taste and 
nature,’ who seven years later was to attach the memory of 
his name to the bloody days of December, and„to deal with 
many a Ereneh republican as he had dealt with the Arabs. 
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CHAPTEE XVI. 


HERMIT CAVES — ^EOOK-TEMPLES — ROOK-OHERCHES. 

St. Paul of Thebes — St. Anthony — ^His visit to Alexandria, and death— Numerons 
Cave Hermits -in the East — St. Benedict in the Cave of Sxtbiaco— St. Cuthhcrt — 
St. Beatus— Rock-temples of Kanara— The Wonders of Ellora — Ipsamhonl — 
Rock-churches of Lalibala in Abyssinia — The Cave of Trophonios — The Grotto 
of St. Rosolia near Palermo — The Chapel of Agios Niketas in Greece — The 
Chapel of Oberstein on the Hahe — The Repentant Fratricide. 

rpHE dim twiliglit of a forest, its leafy vaults, its majestic 
-L silence, or its foliage moaning in the wind, are all apt 
to strike the mind with a religious awe. But the solitude 
and stillness of caverns is equally well adapted to awaken feel- 
ings of devotion; and thus we find that contemplative minds 
in every age, and of every creed, have found in them congenial 
retreats. The Indian fakir and the Mahometan dervish love 
the seclusion of the silent grotto, and here also the Hebrew 
prophets not seldom enjoyed their ecstatic vis'ons. 

There can be no doubt that during the first ages of Chris- 
tianity many an unknown anchorite retired to some solitary 
cave, as to a harbour of refuge from the rude contact of the 
world; but the first hermit mentioned in ecclesiastical history 
is St. Paul of Thebes, in Egypt, who, during the persecution 
of Decius, in the middle of the third century, retreated to 
the desert, where, dwelKiig in a cave, and living on the 
fruits of trees, he reached his hundredth year. His friend 
and disciple, St. Anthony, who first roused among his con- 
temporaries a wide-spread inclinatiou for hermit seclusion 
plays a far more conspicuous part in the annals of the 
Church. Born of wealthy Coptic peasants, this remarkable 
Ilian, at the age of twenty, divided his whole property among 
the poor, and thenceforth devoted himself to a life of the 
strictest ascetism. He retired first to a rock-cave in the 
neighbourhood of his native vfilage, and then to the more 
distant rums of a deserted castle, where he" spent twenty 
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years as a liermit. Meaixwliile liis reputation for sanctity 
liad spread tlirougliout all Egypt, and numerous candidates 
fur a liermit life besought him to take them under his spiritual 
care. He yielded to their entreaties, and soon the neigh- 
bouring desert was crowded with tlie huts of zealous ancho- 
rites, who revered him. as their model. But he was snr- 
roujided not only by these pious disciples; the worldly-minded 
also came hocking to his cave for advice or assistance ; for 
the belief was general that, like the first Apostles, he -was 
gifted with the power of casting out devils and foretelling 
future events. Anthony, thus disturbed in his solitary 
meditations, resolved to bury himself still deeper in the 
desert, and hed to a cave in the furthest 2 ^arts of Egypt, 
near a well shaded by a few date-palms. Here he hoped 
to be able to live entirely for prayer and contemplation, but 
his hopes 2 )roved vain ; for, after a long search, his disciples 
discovered his retreat, and again anchorites and worldlings 
broke in upon his solitude. In his liundredth year he was 
prevailed upon by St. Athanasius to visit Alexandria, 
where, whenever he ap 2 )eared, crowds gathered round him 
to kiss the hem of his garment and to im 2 )lore his blessing. 
Even the Emperor Constantine the Great wrote to him ; yet 
so iiidiiforent had he become to all worldly distinctions that 
he could with difficulty be j^revailed U 2 )on to have the letter 
read to him. Thus, honoured by high and low, and yet avoid- 
ing all honour, Anthony reached the patriarchal age of 105. 
At the approach of death ho begged two of his most beloved 
disciples to conduct him to the wildest part of the desert. 
Here he died in their arms, after having first made them 
promise to keep the jrlace of his burial secret, as he feared 
that ail undue revoroiice might be joaid to his bones. 

Anthony’s example was followed far and wide over the 
Eastern world. Whole colonies of liermiLs settled in the 
desert of Thebes, near Lake Mooris, in Southern Palestine, 
in Armenia, and Pontus. Their numbers amounted to 
thousands, many living in rude huts, which they erected 
with their own hands, while others ibimd a congenial retreat 
in the grottoes and rock-tomhs which abound in many of the 
countries whe^e they dwelt. 

Fi’om the East the spirit oJ mona.stie seclusion soon spread 
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to Western Europe. St. Benedict, tlie founder of the order 
which has rendered such signal service to learning during 
the Middle Ages, spent three years in an almost inaccessible 
cave near Subiaco, five leagues &om Tivoli. Eonianus, a monk 
in a neighbouring convent, alone knew of his retreat, and 
daily let down by a rope, from the top of the rock in which 
the cave was situated, the small quantity of bread which he 
needed for his subsistence. Here he was at length dis- 
covered by some shepherds, who at first sight took him for a 
wild beast, as he was clothed in skins, but soon discovered 
that he was a saint by the wise lessons he gave them. 

A similar longing for a life of pious seclusion induced 
St. Cuthbert to quit the Convent of Lindisfarne, of which he 
had been prior, and to seek a retreat in a grotto excavated by 
his own hands, on one of the Fame Islands, on the coast of 
Northumberland. An ox-hide, which he hung before its 
entrance and turned towards the side whence the wind blew, 
afforded a scanty shelter against the rigours of a northern 
winter. But the fame of his sanctity spread over all 
England, and numerous pilgrims resorted to his cave, to 
profit by his advice, or to seek consolation in their troubles. 
One day, wh§n he had spent eight years in seclusion, the 
king of Northumbria, attended by his principal nobles, landed 
on Cuthbert’s island-rock to beg him to accept the episcopal 
dignity of Durham, to which he had been elected. The holy 
anchorite yielded, with many tears, and after an obstinate 
resistance, for he was loth to accept duties which tore him 
from his solitude. After two years he resigned his bishopric, 
and returned to his beloved cave, where he shortly after died. 
According to a popular legend, the Entrochi, or calcareous 
joints of the petrified Lily-Encrinites, which are found 
among the rocks of the Fame Islands, are forged by his 
spirit, and pass there by the name of ‘ St. Cuthbert’s beads.’ 
While at this task, he is supposed to sit during the night 
upon a certain rock, and to use another as his anvil. 

‘ Such tales had Whitby’s hshers told, 

And said they might his shape behold. 

And hear his anvil sound ; 

A deadened dang — a huge dim form, 

Seen but, and heard, when gathering storm r- 
And night was dosing round.’— Jfhj-wiion. 
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TTie Beatenberg, situated on the northern side of the lake 
of Thun, is named after a celebrated cave in which St. 
Beatus, originally a British noble, who had come to jpreach 
the Gospel to the wild men of the district, dwelt for many 
years, and died at the advanced age of ninety. His relics re- 
maining there, his fete-day attracted such crowds 'of pilgrims 
that reforming Berne sent two deputies in 1528 to carry off 
the saint’s skull and bury it between the lakes of Thun and 
Brienz ; but still the pilgrimages continued, and at length, in 
1566, the Protestant zeal of Berne went to the expense of a 
wall, and thus effectually shut out the pilgrims, who, in 
more modern times, have been profitably replaced by crowds 
of tourists. 

Both in the heathen and the Christian world, grottoes, 
particularly such as had been hallowed by the lives of sainted 
anchorites, have frequently been consecrated to divine service ; 
and to render them still more worthy of their destination, 
the rude excavations of nature have not seldom been enlarged 
and beautified with all the resources of art. 

Among these subterranean places of worship, those of 
India are deservedly renowned for their colossal size, and for 
the vast labour bestowed upon the sculptures -with which 
they are adorned. A description of the famous rock-temples 
of Kanara, in the island of Salsette, near Bombay, will give 
the reader some idea of their magnificence. 

The way leads over a narrow mountain-path, through a 
jungle so dense that the traveller is obliged to quit his palan- 
quin, and to ascend on foot the steep acclivity from which, 
at some distance from the summit, the large temple overlooks 
the country. This colossal work is hewn out of the solid 
rock, ninety feet long and thirty-eight feet broad, with a 
corresponding height, and forms an ohlong square with a 
vaulted roof. Two colossal rows of columns divide the hall 
into three naves or avenues, and give it the form of an 
ancient basilica. 

As the Temple of Kanara served the Portuguese for some 
time as a church, during their occupation of the small archi- 
pelago of Bombay, the heathen sculptures which decorated 
the interior have naturally been mostly destroyed. This is 
the more to be regretted, as the well-preserved and masterly- 
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executed capitals of tlie miglity columns justify tlie belief 
that tbeir artistic merit must have been worthy of the grand 
dimensions of the hall. The beautiful portico, howevm', is 
still richly decorated. On each side a recess contains a 
colossal well-executed statue, and long inscriptions in un- 
known characters are carved on the square pillars of the 
entrance. The charms of a mysterious past thus add to the 
interest of this beautiful monument, the work of an astonish- 
ing patience and perseverance. The outer face of the portico, 
as well as the vestibule extending before it, twenty-eight feet 



deep, have been considerably injured by the ravages of time : 
many stones have.started from their joints, and a multitude 
of creeping plants cling to the mouldering statues. Thus 
the efforts of man to rear eternal monuments are vain ; they 
must necessarily yield to the living powers of nature. 

‘ The cloud-capped towers, the gorgeous palaces, 

The solemn temples, the great globe itself. 

Yea, all which it inherit, shall i'ssolTe, 

And, like this unsubstantial pageant faded, 

Leave not a rack behind.’* 

Steps are hewn in the rock to the summit of the mountain, 
and various intricate paths lead to smaller ev.oavations, con- 
* Shakespeare, ‘ Tempest,’ iv. 1. 
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sisting mostly of two cells and a portico. ISTear eacli of them 
is a well or basin, likewise hewnont of the rock, in which the 
rain-water collects, afPording a grateful bev^erage to the tired 
wanderer. Many of these caves are larger and more perfect 
than the others, and some in their general effect resemble 
the great temple, although far inferior in size and deco- 
ration. 

The whole aspect of this perforated mountain shows that 
a complete cave-town, capable of containing several thousand 
inhabitants, has been hoUowed out in its flanks. The largest 
excavation was, beyond a doubt, the chief temple. The smaller 
caves, arranged according to the same plan, likewise served 
for devotional purposes ; and the rest were dwellings more or 
less commodious and large according to the rank or means 
of their possessors, or, what is still more likely, the abode of 
pious. Brahmans and their scholars at the time when India 
was the cradle of arts and sciences, while the nations of 
Europe were still plunged in barbarism. 

Erom the summit of this wonderful mountain the spectator 
enjoys a beautiful prospect. The island of Salsette lies 
before him as if siwead out on a map, affording a most 
agreeable variety of rice-fields and cocoa-nut groves, of 
villages and meadows, of woody hills and fruitful vales. The 
surrounding mountains form a foreground of grey rocks, 
dotted with trees, or excavated into dark grottoes, once the 
abode of fakirs, but now the retreats of tigers, snakes, huge 
bats, and enormous swarms of bees ; while towards the south 
the horizon is bounded by the island of Bombay, with its 
forest of masts, towards the east by the mainland, towards 
the north by Bassein and the neighbouring mountains, and 
towards the south by the ocean. The enjoyment of the 
picturesque scene is marred only by the many tigers which 
infest the mountains, and frequently descend into the plain, 
wdiere they not only carry away sheep and oxen, but also 
tear many a poor Hindoo to pieces. 

The rock-temples of Kanara are rivalled by those of Ele- 
phanta, Karli, and Ajunta, and far-surpassed in magnificence 
and extent by the excavations of Ellora, near the town and 
fort of Dowlatabad, where a whole mountain of hard red 
granite has be®en hollowed out into an immense range of 
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liiglily ornainGiited grottoGS and tGinplGs, fit for tliG rcsidcncG 
of a whole pantheon of deities, and for the reception of a 
whole nation of pilgrims. 

Abont three miles to the north of Madras, where the rock 
touches the sea, navigators had long remarked some pillars 
of stone rising from the water and covered with rude sculp- 
tures. From these the spot received the name of the Seven 
Pagodas. Most of them have since been destroyed by the 
tides, and one only is stfil standing, though tottering to its 
fall. These, however, were but the advanced posts of the 
colossal excavations in the roeby wall behind ; for here also 
are seen large grottoes, porticoes, and temples, as at Ellora, 
though of somewhat smaller proportions, and of less beautiful 
execution. They are dedicated to the worship of Vishnu 
and Siva, and covered with inscriptions. A whole rock- town, 
or at least a vast sanctuary, thus lies concealed on this 
solitary coast. 


Similar cave-temples are met with in Cochin China, Birmah, 
Malwah, and Ceylon, where the spacious rook-temple of 
Dambool is deservedly celebrated for its antiquity, and for 
its numerous statues of Budda, in the varied attitudes 
of exhortation and repose. 


On the hanks of the mysterious Mile we find 3'ock- temples 
rivalling those of India in colossal grandeur, and among 
these Ipsamboul is pre-eminent in splendour. 

‘After sailing for some hours, ^ says Warburton,* ‘ through 
a country quite level on the eastern bank, we come upon a 
precipitous rocky mountain, starting up so suddenly from 
the river’s edge, that its very summits are reflected in the 
water. We moored under a sand-bank, and, accompanied hy 
half-a-dozen of the crew with torches, approached this iso- 
lated and stupendous rock. Yet even here the daring genius 
of Ethiopian architecture ventured to enter into rivalry 
with nature’s greatness, and found her material in the very 
mountains that seemed to bid defiance to her efforts 
‘On the feoeoftheyertioaldiff a recess is excaVateclto 
the extent of ahont a hundred feet in width. From this 
four gigantic figures stand out in very boid relief. Between 
the two central stony giants, a lo% doorway opens into a 
* ‘The Crescent and fho Cross.’ 
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vast hall, supported by square pillars, each the size of a 
tower, and covered -with hieroglyphics. Just enough painting 
still glimmers faintly on these columns to show that they 
were formerly covered with it; and the walls are carved 
into historic figures in slight relief; these, as our torches 
threw an uncertain glare over them, seemed to move and 
become instinct with. life. 

^ This temple was dedicated to Athor, the lady of Aboccis 
(the ancient name of Ipsamboul), who is represented within 
under the form of the sacred bow. This was, however, a 
mere “ chapel of ease to the great temple, excavated from a 
loftier rock, about fifty yards distant. Between these two a 
deep gorge once ran to the river, but this is now choked up 
with sand, in whose burning waves we waded knee-deep to 
the Temple of Osiris. 

‘ Here a space of about 100 feet in height is hewn from the 
mountain; smooth, except for the reliefs. Along the summit 
runs a frieze of little monkeys in long array, as if the archi- 
tect felt the absurdity of the whole business, or as Bjron 
soiuetimes finishes off a sublime sentence with a scoff. 
Then succeeds a line of hierogdyphics and some faintly- 
carved figures also in relief, and then four colossal giants 
that seem to guard tlie portal. They are seated on thrones 
(which form, with tbem selves, part of the living rock), and 
are about sixty feet bigh. One is quite perfect, admirably 
cut, and the proportions admirably preserved ; the second is 
defaced as far as the knee ; the third is buried in sand to 
the waist ; and the fourth has only the face and neck visible 
above the desert’s sandy avalanche. 

‘ The doorway stands between the two central statues, and 
is surmounted by the statue of Isis wearing the moon as a 
turban. 

‘ On entering, the traveller finds himself in a temple, which 
a few days’ work might restore to the state in which it was 
left, just finished, three thousand years ago. The dry climate 
and its extreme solitude have preserved its most delicate 
details from injury ; besides which it was hermetically sealed 
by the desert for thousands of years, until Burckhardt dis- 
covered it, and Mr. Hay cleared away its protecting sands. 

‘ A vast am? gloomy haU, such as Eblis might have given 
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Vathek audience in, receives yon in passing from tlie flaming 
snnsliine into tliat shadowy portal. It is some time before 
the eye can ascertain its dimensions through the imiDosiiig 
gloom, but gradually there reveals itself, around and above 
you, a vast aisle, with pillars formed of eight colossal giants, 
upon whom, the light of heaven has never shone. These 
images of Osiris are backed by enormous pillars, behind 
which run two great galleries ; and in these torchlight alone 
enabled us to peruse a series of sculptures in relief repre- 
senting the triumphs of Eameses the Second, or Sesostris. 
The painting, which once enhanced the effect of these 
spirited representations, is not dimmed, but crumbled away • 
where it exists the colours are as vivid as ever. 

"This unequalled hall is one hundred feet in length, and 
from it eight lesser chambers, all sculptured, open to the 
right and left. Straight on is a low doorway ojiening into 
a second hall of similar height, supported by four square 
pillars, and within all is the adytum, wherein stands a 
simple altar of the living rock in front of four large figures 
seated on rocky thrones. This inner shrine is hewn at least 
one hundred yards into the rock; and here, in the silent 
depth of that great mountain, these awful idols, with their 
mysterious altar of human sacrifice, looked very preadamitio 
and imposing. They seemed to sit there waiting for some 
great summons which should awaken and reanimate these 
"" kings of the earth, who lie in glory, every one in his own 
house.’’ 


^ ‘We wandered through many chambers, in which the air 
18 so calm and nndistui-hed that the very smell of the torches 
ot the last explorers of these caverns was perceptible.’ 

In Abyssinia the rock-churches of Lalibala likewise give 

T oi-rilisation, strongly contrasLg 

with the harharism of the present times. ^ 

Like the temples of EUora, some of 'these cnrions struc- 
tures hare been hollowed out of single blocks of stone left 

?hoth Z\T ™ ^bterranean. 

wonderful edifices, ae^are "p^Ue^Thfo *’T 

in which the three principaLonollthic “S's Zl 
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lively an 1 i..„tp,l t,, onr Saviour, to tUo Holy Th-gm, and to 

St. J.„„.num.,.l omnnmnioato with each other by narrow 
Iho Wl.olo thus foruuug a ooutmued series of exca- 
viilioua 1 1... cliuroh of St. Bminanuei is forty-eight feet 
long, tl.irty-t™. feet broad, and forty feet high: but it is 
suriaiHsed in size bytho Clnirch of tlio Holy yirgiu, where 
thci rne.k-wallrt of tlm court aro iiioroovor perforated with 
sepub-lu-il vaulls uud with eolla for iho habitation of monks 
mie town of Lulibula in situated in a beautiful country, 
7,1100 fe.'t above Iho level of the sea, on the slope of the 
mighly Asehel,™ mountain, and commands a prospect of 
Alpino magnificeuco. Though it is now reduced to about 
2,000 inhabitants, its eight roek-churohes (five monolithic 
and subaorial, three suhterranean), prove that it must once 
liilVG been H) pbteo of GoiisiclGrQiblo irmportEiiiCG. Diviiio sGrvics 
is still porforiiHHl m all tliese clixxrebes, whicli are tlie resort 
of mxmeroiis pili^riiiis, and to -wliose service above 500 x^riests, 
monks, and mms arc atta<;licd. 

Tboiif^di nmnimt Unauto lias no sncli huge rock-temides to 
bosHt of iiH Tndia ttr 3'lgypt, y(jt caverns played an important 
pari in lu«r a.ncitmt religious bistory. ‘Before the old tribes 
of nelliiH eiveiud idunplt's to tlio divinities,’ says Porphyry, in 
1j.ih treat ise Ih'. An fro N i/7n})k(i7'7imj ‘they consecrated caives 
and grtit.ioeH to their H(‘rvioe.; in the island of Crete to Zens, 
in Arcadia to Artemis atxd to Pan; in the isle of Naxos to 
Dionysos,’ 

Cnvi'H were* tln^ site of some of the most celebrated 
f trecian (ti'neleH. Tim trixiod of tho Delphian pythoness stood 
nvt'r a Hubf(‘rran(*un, Indlow, from which the divine inspiration 
was supposed to ustumd ; and x^lg^ms from all parts of 
Delias resorted to a envo in the neighbourhood of Lebadoias 
a city of ll<e»>thi, and nnaiual after Troidionios, a mythical 
ptn’stmage who was supposed to have lived there for many 
years, ami was subsetpiently deifuMl as an oracular god. Those 
who re|)uired t«> this envci for information were required, after 
passing some ^ireparaiory days in a chapel dedicated to 
Fortiuie and it) tlm ‘good gc.miufl,’ to anoint themselves with 
oil, to hathc in a certain river, and to drink of the water of two 
mdghhnuring springs ealhul Jjdthtl and Mn5mosyn5, the first 
of which made them forgetful of tho past, while the second 
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fixed in tlieir memory all tidey heard and saw in the 
cavern. They were then clothed in a linen robe, took a 
honeyed cake in their hands, and, after praying before an 
ancient statue of Trophonios, descended into the subter- 
ranean chamber by a narrow passage. Here it was that the 
future was unfolded to them, either by visions or extraor- 
dinary sounds. The return from the cave was by the same 
passage, but the persons consulting were obliged to walk 
backwards. They generally came out astonished, melan- 
choly, and deiected. The priests on their return placed them 
on an elevated seat, called the seat of Mn^mosyn^ or remem- 
brance, and the broken sentences they uttered in their con- 
fused state of mind were considered as the answer of the 
oracle. They were then conducted to the chapel of the 
' good genius,’ where by degrees they recovered their usual 
composure and cheerfulness. There can be no doubt that the 
priests introduced themselves into the cave by secret pas- 
sages, and worked upon the excited imagination of their dupes 
by terrible sounds and apparitions. During the palmy days 
of the oracle, the neighbourhood of the Cave of Trophonios 
was decorated with temples and statues j at present its very 
site is uncertain. 

Like ancient paganism, Christianity not seldom celebrates 
her rites in caves hallowed by the memory of saints and 
anchorites. A stately church rises over the Grotto of the 
Nativity, at Bethlehem, and a magnificent pile has been con- 
structed at Jerusalem over the rock- to mb in which our 
Saviour was buried. The grotto on Mount Carmel, to which 
the prophet Elijah retreated from the world, is now dedicated 
to divine worship, in the convent which bears his name j and 
the cave in which J ohn the Evangelist is said to have written 
the Apocalypse during his exile in the island of Patmos has 
also been converted into a chapel. 

One of the most celebrated rock-churches is the grotto of 
St. Eosolia, the patroness of Palermo. This illustrious lady 
was niece to King William the Good, and, as the legends 
inform us, no less remarkable for her beauty than for her 
virtues, which made her the admiration of all Sicily. Never 
was a princess more fitted to adorn society ; but the world had 
so few attractions for a spirit that could only breathe in the 
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pure regions of piety, that, at the age of fifteen, she rethed 
to the solitary mountains, and from the date of her disappear- 
ance, in 1159, was never more heard of for ahout five hundred 
years. The jpeople thought she had been tahen up to heaven? 
as the fitting abode for her more than human perfections ’ 
but in the year 1624, during the time of a dreadful plague, a 
holy man had a vision that the saint’s bones were lying in a 
cave near to the top of the Monte Pellegrino, and that if these 
were taken up) with due reverence and carried in procession 
thrice round the walls of the city, they should immediately 


be delivered from tlie scourge. The bones were accordingly 
sought and found, thrice carried round the town, as the vision 
had described, and the plague suddenly ceased. Prom that 
time St. Bosolia was revered as the patron saint of Palermo, 
and the remote cave where she probably spent many years of 
her solitary life became one of the most renowned sanctuaries 
of the Oatliolic Church, and the resort of innumerable pilgrims. 
The mountain is extremely high, and so steep that before the 


discovery of St. Bosolia it was looked upon as almost inacces- 
sible ; hut a fine road, very properly termed La Scala, or the 
stair, as been cut out in the rock, and leads from terrace to 
terrace, over almost perpendicular precipices, to the entrance 
of the holy grotto, which is situated near the very top of the 
mountain, and commands a magnificent prospect. Within 
two miles of the foot of the mountain, the eye discerns the city 
of Palermo, with its beautiful villas and luxuriant gardens, 
and then, taking a wider range, glances to the north, over 
the dark blue sea bounded by the Lipari Islands and the ever- 
fuming cone of Stromboli ; while to the east a large portion 
of Etna, although at the distance of almost the whole len^h 
of Sicily, towers like a giant above the minor mountain chains. 
A church and other buildings, forming a kind of court- 
yard where some priests reside, appointed to watch over the 
treasures of the place, and to receive the offerings of pilgrims 
that visit them, have been erected round the grotto. 

As may easily be imagined, the history of ^ock-chape s 
has freciuently been embellished with legendary tales. The 
Xel of Agfos Niketas (St. Nicholas) in Crete, is at present 
inemly a smoky-looking cave beneath ^ large detached mas^ 
of rock, Iviiil on the slope of an abrupt mountain ; but there 
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are still tlie remains of a building wbicb once extended far 
beyond tbe present limits. Tbe roof of tbe cavern, although 
very uneven, is also elaborately ornamented with paintings, 
representing the remartable events in the life of the Saviour 
and of St. ISTicholas, and showing that considerable cost and 
artistic care have been bestowed upon it. Though it is now 
abandoned, an event that is said to have happened about four 
or five centuries ago gives this cave a special interest with the 
natives. The church was crowded with Christians from the 
adjacent ■^ullages on the eve of the festival of their patron 
saint Agios Niketas, so as to be ready (as is usual with the 
Greeks) for the matin service at daybreak. But the fires 
which the assembled party had lighted near it had been 
observed at sea by a Barbary corsair then cruising off the 
island, and guided him to the spot, where, under the dark- 
ness of the night, he landed his crew in a neighbouring cove. 
Thus unobserved, they stole up to the church, and, finding it 
full of the natives, closed the door and windows upon them 
and waited for day, the better to secure their captives for 
embarkation. In this dreadful plight the unfortunate Cre- 
tans raised their voices in a general prayer to Saint Niketas. 
Their supplications were heard, for the priest soon after in- 
loiuied them that the saint had shown him a way of escape 
through the back part of the cavern, by opening a small 
aperture communicating with another cavern that led finally 
out upon the mountain slope over the rock. Through this 
aperture they all silently crept, unseen and unheard by the 
corsairs. 


, Another interesting legend is attached to a small rock- 
chapel situated beneath the ruins of the ancient Castle of 
Otorstem on the Nahe. The Baron of Oherstein, having, in 
a fit of jealousy, hurled his younger brother from the balcony 
of the castle, fled from the scene of Hs crime. Bor years he 
vrandered, a wretched outcast, from land to laud : biit wher- 
ever he went the curse of Cain was upon him, and left him 
no rest by mght or day. At length he came to Eome, to con- 
less his fratricide at the feet of the Sovereign Pontiff, who 
comforted with the assurance that he would recover his 
lost peace by retnniiug to Oberstein and eating with h 

“hrhe tr ™ 
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Soon after tlie self-TDanislied lord made his appearance at 
Oberstein in a hermit’s garb, and set to work upon the hard 
rock with indefatigable zeal, Never was labour performed 
■with better will ; and such, consequently, was the progress 
of the excavation that it seemed as if he were assisted by the 
angels ip. his penitential task. At the expiration of four 
years, the rock-chapel was completed, and the bones of the 
murdered man were conveyed with great ceremony to the 
tomb which had been prepared for their reception at the foot 
of the altar. As soon as they were lowered into the grave, 
the murderer bent over them ; a smile of ineffable happiness 
was seen to illumine his emaciated features, and he dropped 
down dead upon the remains of his brother. 
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CHATTER XYII. 

ICE-OAVES AED WI^D-HOLES. 

Ice-cavcs of St. Georges and St. Livres-BeautiM Ico-stalagmites in tlio Care of 
I,, Banme— The Schafioch-Ice-cataract in the Upper Glaoioro of St. Liyres 
_ Ice-cavern of Eisenerz— The Cave of Yeermalik—Volcanic Ico-caves— iEolian 
Caverns of Terni— Causes of the low temperature of Ice-caves. 

S OME eaves, remarkable for an extremely low temperatnre 
even in summer, form natui-al ice-cellars, tliongli uncon- 
nected vvitb glaciers or snow mountains, and in latitudes and 
at altitudes where ice could not under ordinary circumstances 
be supposed to exist. Besides the interest attaching to these 
natural curiosities, these ice-caves are sometimes lucrative 
sources of revenue to their owners, or answer various pur- 
poses of use or comfort. 

In hot summers, when the supplies of the artificial ice- 
houses fail in Geneva and Lausanne, the hotel -keepers have 
recourse to the stores laid up for them by nature in the ice- 
caves or glaci^res of St. Georges and St. Livres, situated in 
the canton of Yaud, on the slope of the Jura. Other ice-caves 
are made use of as dairies, or as storehouses for cheese ; n,ud 
the quarries of Riedermendig, near the small town of Auder- 
naeh, on the Rhme, which are likewise remarkable for a 
glacial temperature, serve as excellent beer-cellars. 

To Mr. Browne, who has made them his special study, we 
are indebted for an interesting account of the ice-caves of 
Eranee and Switzerland,* which, as may naturally be ex- 
pected in halls and galleries hung with drapery of trans- 
parent silver, not seldom offer scenes of beauty rivalling the 
most renowned stalactital grottoes. 

In the Glaci^re of Grace-Dieu, or La Baume, near Besanyoii) 

* ‘ Ice-eaves of France ana Switzerland : a Earratire of Sulitclrnnoan Explora- 
tion.’ By the Eev. G. F. Browne. Longmans, I860. 
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goodtasie of some one, who had found that much ice was 
wont to accumulate on that spot, and had accordingly fixed 
the trunk of a small fir-tree, with the upper branches com- 
plete, to receive the water from the corresponding fissure in 
the roof. The consequence was that, while the actual tree 
had vanished fr<?m sight under its crystal covering, the ice 
•with which it was incrusted showed every elegance of form 
0 


Mr. Browne was particularly struck with three large stalag- 
mites of ice rising in a line across the middle of the cave. 
The central mass was remarkable only for its size, the girth 
being sixty-six and a half feet at some distance from the ice- 
floor, with which it blended ; but nothing could be more strik- 
ingly lovely than the stalagmite to its right, owing to the 
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wMcli a mould so graceful could suggest, eacli twig of the 
different boughs becoming, to all appearance, a solid bar of 
frosted ice, from which complicated groups of icicles streamed 
down. But the mass to the left was the grandest and most 
beautiful of all. It consisted of two lofty heads, like weeping 
willows in ' Carrara marble, with three or four others less 
lofty, resembling a family group of lions’ heads in a subdued 
attitude of grief, richly decked with, icy manes. Similar 
heads seemed to grow out here and there from the solid 
sides of the huge mass, which measured seventy-six and a half 
feet in girth about two feet from the floor. When this 
column was looked at from the side removed from the en- 
trance to the cave, so that it stood in the centre of the light 
which poured down the long slope from the outer world, the 
transparency of the ice made the whole look as if it were set 
in a narrow frame of impalpable liquid blue —the effect of 
light penetrating through the mass at its extreme edges. 

Other and no loss striking beauties rewarded our subter- 
ranean explorer on his visit to the Schafloch or Trou-aux- 
Moutons, a vast ice-cave on the Rothhorn, in the canton of 
Berne, which takes its name from tho fact that, when a 
sudden storm comes on, the sheep and goats make their way 
to it for shelter, though never going so far as the spot 
where the ice begins. On entering the cave the way lies 
over a wild confusion of loose masses of stone, which soon, 
however, begin to be intermingled with ice, until tho latter 
entirely hides the naked rock under a crystal mantle. 

‘ On either side of the cave was a grand column of ice, 
forming the portal, as it were, through which we must pa,ss 
to further beauties. The ice-floor rose to meet these columns 
in a graceful swelling curve, perfectly continuous, so that 
the general effect was that of two columns whose roots ex- 
panded and met in the middle of the cave. Convinced that 
intenial investigations would prove interesting, I began to 
chop a hole in one of the pillars about two feet from the 
ground, and having made an entrance sufiiciently large, pro- 
ceeded to get into the cavity which presented itself. The 
flooring of the dome-shaped grotto in which I found myself 
was loose rock, at a level of about two feet below the surface 
of the ice-floor, on which my guide Christian still stood. The 
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dome itself was not liig-li enongli to allow me to stand up- 
right, and from the roof, principally from the central part, 
a complex mass of delicate icicles passed down to the floor, 
leaving a narrow burrowing passage round, which was itself 
invaded by icicles from the lower part of the sloping roof, 
and by stubborn stalagmites of ice rising from' the floor. 
The details of this central cluster of icicles, and, in fact, of 
every portion of the interior of the strange grotto, were ex- 
ceedingly lovely, and I crushed with much regret, on hands 
and knees, through fair crystal forests and frozen dreams of 
beauty. In making the tour of this grotto, contorting my 
body like a snake, to get in and out among the ice- pillars, 
and do as little damage as might be, I yet, with all my 
care, was accompanied by the incessant shiver and clatter of 
breaking and falling ice. Having squeezed myself out again 
through the narrow hole, 1 now passed beWeen the two 
gigantic columns, and found that the sea of ice became still 
broader and bolder, until we came to the edge of a glorious 
ice-fall, round and smooth and perfectly unbroken, passing 
down like the rapids of some river too deep for its surface to 
he disturbed, and plunging majestically into a dark gulf, of 
which we could see neither the roof nor the end.^ 

We will now follow Mr. Browne to the Upper Glaci^re of 
St. Livres, where the interesting discovery was made that 
the ice-stream which filled the cave, instead of terminating 
with the wall of rock at its end, turned off to tlie right, and 
was lost ill darkness. By tying a candle to a long stick, 
and thrusting it down the slope of ice, it was further found 
that the stream pa<ssed down at a very steep incline, and 
poured under a narrow and low arch in the wall of the cave, 
beyond which nothing could be seeu. Steps were now cut 
down the slope by one of the party, who was carefully let 
down, and his work being completed, the others followed 
him through the arcli — a rather awkward undertaking, for, 
on pushing through, their breasts were pressed on to the 
ice, while their backs scraped against the rock which formed 
the roof. 

“^As soon as this trough was passed,^ says Mr. Browne, 
the ice sprea(^ out lilce a fan, and finally landed us in a 
second cavern, 72 feet long by 36 feet broad, to which this 

o 2 • 
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was the only entrance. Tlie breadth of the fan at the 
bottom was 27 feet, and near the archway a very striking’ 
colnmn poured forth from a vertical fissure in the wall, and 
joined the main stream . The fissure was partially open to the 
cave, and showed the solid round column within the rock : 
this columh measured 18^ feet in circumference, a littltr 
below the point where it became free of the fissure, and it 
had a stream of ice 22 feet long pouring from its base. ‘ 
The peculiar structure of the ice gave the whole mass the 
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appearance of coursing down very rapidly, as if the water 
had been frozeii while thus moving, and ha,d not therefore 
ceased so to move. ... At the farthest end of the cave, 
a lofty dome opened up in the roof, beneath which a very 
lovely cluster of columns had grouped itself, formed of clear 
porcelain-hke ice, and fretted and festooned with the utmost 
dehcacy, as if Andersen’s Ice Maiden had been there in one 
of her amiable moods and had built herself d palace.’ 

Xn Upper Styria, the Frauenmauor Mountain, which over- 
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looks tlic mining town of Eiscjicrz, contains a remarkable 
ieo-cliamber, consisting of a gi’otto from tbirty to forty 
fathoms long, docked with ico-crystals, jiillars of ice, and 
cascades of the same material, the lloor being composed of 
ice as smooth as glass. In the summer pleasure parties 
assemble in the cave, and anmse themselves with sliding 
down its sloping ice-lloors. 

In his work on the Natural Wonders of the Austrian 
Empire, the naturalist Sartori describes his visit to an 
ice-cave on the Brandstein, a peak situated in the same 
district, which thus appears to bo rich in glacibres. lie 
found crimpons necessary for descending the frozen snow, 
which led from the entrance to the floor of the cave, where 
ho discovered pillars and capitals and pyramids of ice of 
every possible sliape and variety, as if the cave had con- 
tained the ruins of a Gothic church or a fairy palace. At 
the further end, after passing large cascsides of ice, his 
party reached a dark grey liolc, which lighted up into blue 
and green under the iunncnce of the torches ; they could 
not discover the end of this hole, and the stones which they 
rolled down into it scenuid to go on for over. 

Other natural glachVes iU'o also nunitioned as occurring iu 
Bohemia, Hungary, the Ha,rtz, in several places in North 
America, and probably there are few mountainous regions 
without them. 

The Cave of YiTinalik, already mentioned among the 
silent retreats of nature which have been rendered infamous 
by the cruelty of man, is likewise highly interesting as a 
natural giacibro. After leaving the roomy dome in which 
they found the skeletons of the victims of Genghis Khan, 
Captain Burslem and Lieutenant Sturt x>i'OCooded through 
several low arclu'.s ami sma.ller caves, and roaelicd at length 
a vast hall, in the centns of which was an enormous nmss of 
cdoar ice, smooth n,nd iiolisluid as a mirror, and iu the form, 
of a gigantic boc-hive, with its douKi-shapiHl top just touching 
the long icicles which dopendod from the jagged surface of 
the rock. A small aperture led to the intc'rior of this won- 
derful congelation, which was divided into siworal comparb- 
ments of every fantastic shape. In sonui iJic glittering 
icicles hung life curtains from the roof; iu others, the vault 
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was smooth as glass. BeatitifuUy brilliant wore the pris- 
matic colours reiected from the vaaied surface of the ico when 
the torches flashed suddenlj upon them as they passed from 
cave to cave. Around, above, beneath, everything was of 
solid ice, and being unable to stand on account of its slippery 
nature, they slid, or rather ghded mysteriously, along the 
glassy surface of this hall of spells. In one of the largest 
compartments the icicles had reached the floor, and gave the 
idea of pillars supporting the roof.* 

Eocks of volcanic formation seem to afford favourable 
opportunities for tbe congelation of water. Ico-caves are 
found in Mount Etna, on the Peak of Teiieriffo, and among 
the lava-currents of Iceland.f Scrope visited one of these 
natural glaci^res near the viUage of Both, in the neighbour- 
hood of Andernach, on the Rhine. It formed the mouth of 
a, deep fissure in a current of basalt derived from an ancient 
volcanic cone above it, and its floor was covered with a 
crust of ice at the time of his visit, about noon on a very 
hot day in August. 

The phenomenon of wind-grottoes is analogous to that 
of ice-caves, and not seldom associated with them. Here 
cold currents of air, increasing in violence as the day is 
hotter, are found to blow from the interstices of rocks. One 
of the most celebrated of these iEolian caverns is found 
near Terni in Italy. The entrance is closed by an old 
gate, through the crevices of which the wind issues with 
a rustling noise, while in the grotto itself tlie current is 
sufficiently strong to extinguish a torch. The i)ropriotors 
of some neighbouring villas have put the phenomenon to an 
ingenious use. Leaden pipes, branching out from the grotto, 
convey on sultry summer days an agreeable coolness through 
masks of gypsum with wide distended mouths, which are 
fixed in the walls of the apartments. 

The small town of Roquefort in Prance has boon renowned 
ever since the time of the Romans for the delicious flavour of 
its cheese, which is said to owe its excellence to the cool 
cellars in which it is matured. These arc excavated on the 
northern slope of a great chalk plateau, and commmiicato 
with numerous fissures in the rock, from which air-currents 

* Burslem, ‘A Peep into Toorkistan. f Thu Cuve of Surtshellir. 
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stream fortli of so low a temperature as to cause a thermo- 
meter marking' + 23° R. in the shade, and in the external 
atmosphere, to fall to +4° E. when exposed to their influ- 
ence. The cellars are so valuable that one, which cost 
12,000 francs in construction, sold for 216,000 francs. 

- In times of ignorance, superstition could not fail to attaeli 
its fables to the phenomenon of wind-grottoes. A cave near 
Eisenach was supposed to be the seat of purgatory, and 
popular credulity or terror willingly transformed the sounds 
produced by the rushing air-currents into the wailings of 
tormented souls. 

Eortunately, modern science affords us a more satisfactory 
explanation of the phenomenon. Pictet represents the case 
of a cave with cold currents of air to be much the same as 
that of a mine with a vertical shaft ending in a horizontal 
gahery, of which one extremity is in communication with 
the open air at a point much lower, of course, than the 
upper extremity of the shaft. The cave or wind-hole corre- 
sponds to the horizontal gallery, and the various fissures in 
the rock take the iDlace of the vertical shaft, and communi- 
cate freely with the external air. In summer the columns 
of air contained in these fissures assume nearly the tem- 
perature of the rock in which they rest — ^that is to say, the 
mean temperature of the district; and therefore they are 
heavier than the corresponding external columns of air 
which terminate at the mouth of the cave. The con- 
sequence is, that the heavy cool air descends from the 
fissures, and streams out into the cave, appearing as a cold 
current, and the hotter the day— ^that is, the lighter the 
columns of external air — the more violent will be the dis- 
turbance of equilibrium, and therefore the more palpable the 
current. 

The evaporation which takes place as the air-currents 
descend through the moist rock-fissures likewise tends to 
lower their temperature. Several naturalists have attempted 
to explain the phenomena of ice-caves in a similar manner, 
as being produced by cold currents still further refrigerated 
by the evaporation caused in the moist and porous rocks 
through which they pass. But to this theory there are 
weighty obj^tions, as in many ice-caves there is no current 
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whaterer, and in all the cases of coM-air streams invests 
o-ated or mentioned by Be Sanssnre, tlio lowest temperatures 
observed were still considerably above the freezing-point, and 
consequently incapable of converting water into ice. 

Mr. Browne believes that, in many cases, tlio plienomenon 
may be satisfactorily accounted for by tlio position and sur- 
roundings of the caves in which it occurs ; though, no doubt, 
cold currents and evaporation may often have an inlluence in 
maintaining the low temperature of ice-caves. 

In every one of the fourteen natural glacieres which he 
visited, the level at which the ice was found was considerably 
below the level at the entrance of the cave ; so that, on ordi- 
nary principles of gravitation, the heavy cold air within could 
not be dislodged by the lighter warm summer air without. 
Heat naturally spreads very slowly in a cave like this ; and 
even when some amount of heat does roach the ice, the latter 
melts hut slowly, for ice absorbs CO® C. in molting; and thus 
when ice is once formed, it becomes a material guarantee fur 
the permanence of cold in the cave. 

Another means for preventing the encroachments of the 
hotter seasons is the dense covering of tv(!es and shrubs, 
which, in the case of many of the glacieres, shields their 
entrance or their roof from the rays of the sun, and thus 
keeps off the effects of direct radiation. Mr. Bri>wne found 
all the glacieres that came nnder his observation tlnis pro- 
tected, with the single exception of that of Bt. Georges, 
where, in consequence of an incautious felling of wood im- 
mediately near the mouth, trunks of trees had b(‘cn laid 
horizontally over it, to prevent the rays of the snn from 
striking down on to the ice. He moreowu' invariably found 
that the entrances to the caves w(‘re nior<' or h'sa slieltered 
against all winds—a very important coiuliiion, us air-currents 
from without would infallibly bring in hoaie<l air, in spite of 
tbe specific weight of the cold air stmud within. There can 
be no doubt, too, that the large surfac,(‘H whi(fii arcs available 
for evaporation have much to do with mahitniiiing a some- 
what lower temperature than the m(*a,n temperature of the 
place where the cave occurs. Another great advantage 
w 1C some glacieres possess must be borne in mind, namely, 
the collection of snow at the bottom of the pit in which the 
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entrance lies. Tins snow absorbs, in tbe conrse of melting, 
all the beat wliicb strikes down by radiation, or is driven 
clown by accidental tarns of tbe wind ; and tbe snow-water 
tbns forced into tbe cave will, at any rate, not seriously 
injure tbe ice. 

It is easy to understand bow, in caves tbns protected 
against tbe influence of summer beat, a great part of the 
ice accumulated during tbe winter may be preserved, and 



tliat, for an explanation of the phenomenon, it is by no 
moans necessary to have recourse to cold blasts descending 
frain tbe interior of tbe rock in wliicb they are sitnated. it 
is indeed a common belief that tbe ice-caves are colder m 
summer tbaii in winter, and consequently contain a 
abnndance of ice during tbe former season; but tbis bebef 
may well be considered as one of those popular fallacies, 
wHoU-tlioiigh, by dint of repetition, they come to be com- 
mon articles of faith— have in fact no substantial proofs to 
support them. 
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CHAPTEE XVIII. 

ROOK- TOMBS AND CATACOMBS. 

Biban-el-Moluk, the Royal Tombs of Thebes — ^The Roman Catacombs — Tlieir 
Extent— their Mode of Excavation — ^Touching Sepulchral Inscriptions — Antony 
Bosio, the Columbus of the Catacombs— The Cavaliere di Rossi — The Catacombs 
of Naples and Syracuse— The Catacombs of Paris. 


T he remoteness of caves and grottoes from tte busy haunts 
of life^ their eternal silence and their nightly gloom, 
have ever pointed them out as fit resting-places for the dead. 
From the earliest times they have been used as sepulchral 
vaults, and where nature neglected to hollow out the rock, it 
has often been excavated for this purpose by the hand of 
man. 

Thus the Pharaohs of Egypt rested not in temples and 
mausoleums reared in the heart of cities, but they chose the 
desert-ravine for their sepidehre, and hid their tombs in deep 
excavations in the earth. 


A more impressive scene can hardly be imagined than that 
which is afforded by these splendid memorials. Of all such 


monuments which still maik the site of ancient Thebes, 
perhaps none are more striking to the traveller than the 
royal tombs-Biban-el-Moluk— which the pride of monarchs, 
whose very name is now a mystery, excavated four thousand 
jears ago in the bosom of the Hibyan mountains. 

‘The next morning at daybreak/ says Warburton,'* ‘we 
started for the Tombs of the Kings. I was mounted on a fine 
torse, belonging; to tte stiekt of the vfllage, and tte cool air 
of the morning, tte not prospect before us, and tte cloudless 
sty all conspired to impart Hfe and pleasure to my relaxed 
and languid frame. I tad been for a month almost confined 
to my paUet by illness, and now, mounted on a gallant barb, 
sweeping across tbe desert, with the mountain breezes 
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breathing round me, I felt a glow of spirits and exhilaration 
of mind and body to which. I had been long a stranger. For 
a couple of hours we continued along the plain, which was 
partially covered with wavy corn, but flecked widely here 
and there with desert tracts. Then we entered the gloomy 
mountain gorges, through which the Theban monarehs 
passed to their tombs. Our path lay through a narrow 
defile, between precipitous cliffs of rubble and calcareous 
strata, and some large boulders of coarse conglomerate lay 
strewn along this desolate valley, in which no living thing of 
earth or air ever met our view. The plains below may have 
been, perhaps, once swarming with life and covered with 
palaces 5 but the gloomy defile we were now traversing must 
have ever been as they now are, lonely, lifeless, desolate — 
a fit avenue to the tombs for which we are bound. 

After five or six miles’ travel, our guide stopped at the 
base of one of the precipices, and, laying his long spear 
against the rock, proceeded to light his torches. There was 
no entrance apparent at the distance of a few yards, nor was 
this great tomb betrayed to the outer world by any visible 
aperture, until discovered by Belzoni. This extraordinary 
man seems to have been one of the few who have hit off in 
life the lot for which Nature destined them. His sepulchral 
instincts might have been matter of envy to the ghouls ; 
with such unerring certainty did he guess at the place con- 
taining the embalmed corpses most worthy of his body- 
snatching energies. 

‘ We descended by a steep path into this tomb, through a 
doorway covered with hieroglyphics, and entered a corridor 
that ran some hundred yards into the mountain. It was 
about twenty feet square, and painted throughout most 
elaborately in the manner of Eaphael’s Loggia at the Tati- 
can, with little inferiority of sMU or colouring. The door- 
ways were richly ornamented with figures of a larger size, 
and over each was the winged globe or a huge scarabseus. 
Ill allusion, probably, to the wanderings of the freed spint, 
almost all the larger emblems on these walls wore wings, 
however incompatible with their usual vocations j boats, 
globes, fishes, and suns, aU were winged. On one of the 
corridors the^re is an allegory of the progress of the sun 
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tlirougli the hours, painted with great detail ; the god of day- 
sits in a boat (in compliment to the Nile ho lays aside his 
chariot here), and steers through the hours of the day and 
night, each of the latter being distinguished by a star. 
The Nile in this, as in all other circumstances of Egyptian 
life, figures as the most important element ; even the blessed 
souls for its sake assume the form of fishes, and swim about 
with angelic fins in this River of Life. One gorgeous passage 
makes way into another more gorgeous still, until you arrive 
at a steep descent. At the base of this, perhaps 400 feet 
from daylight, a doorway opens into a vaulted hall of noble 
proportions, whose gloom considerably increases its apparent 
size. Here the body of Osirei, father of Raineses the Second, 
was laid about 3,200 years ago, in the beautiful alabaster 
sarcophagus which Belzoni drew from hence, the reward of 
his enterprise. Its poor occupant, who had taken such 
pains to hide himself, was “ undone ” for the amusement of 
a London conversazione. 

‘ There are numerous other tombs, all full of interest ; but 
as the reader who is interested in such things will c.onsulli 
higher authorities than mine, I shall only add that the whole 
circumstance of ancient Egyptian life, with all its vicissitudes, 
may be read in pictures out of these extraordinary tombs, 
from the birth, through all the joys and sorrows of life, to 
the death, the lamentations over tlio corpse, the embalmer’s 
■operations, and finally the judgment and the immoi’tality of 
the soul. In one instance the Judge is measuring all men’s 
good actions in a balance against a feather from an angel’s 
wing ; ill another, a great serpent is being hound head and 
foot, and cast into a pit ; and there are many other xiroofs, 
equally convincing, of the knowlodgo that tliis mysterious 
people possessed of a future life and judgment.’ 

But not the kings alone ; the illustrious, the wc'aliJiy, iho 
whole nation, reposed in rock-tombs magnificently sc.ulpturcd 
or rudely excavated, according to the means of the defunct. 
Behind the ruins of the stately temples of ancient Thchos, 
which extend from Gourna to Mediiiot Ahou, and fill the 
narrow strip of desert between the inunpated fitdds and Ihe 
foot of the mountains, lies an intormiiiablo in^crox)olis, whose 
graves, like the cells of a hco-hivo, one close*^ to the oilier. 



ROCK-HEWN CEMETERIES. 2^ 

are liewn in tlie rocky ground of tlio plain, or iii the slox)es 
of the iiGighhouring hills. 

Th(3se grottoes, originally destined for sarcophagi and 
inninuiiea, are now occupied hy fellahs and their herds, as they 
were in the liftk and sixth century hy pious anchorites ; and, 
being roomy and situated at a considerable height above the 
plain, may bo considered as the most healthy dwellings of 
the country. 

The oldest graves are hewn in the mountains ; and at a 
later period, when the rocky x)lain at ilndr foot alone gave 
room for these excavations, it gradually became invaded by 
the dead. In the more splendid of those mansoleutns, high 
gates and walls inclosed deep courtyards, scooped out of the 
rock, and from these long corridors led to subterraiien,n 
halls, profusely decorated with sculptures and paintings. 

Similar cities of the dead existed in Upper Egypt, near 
the cities of the living, wherever the adjoining rocks allowed 
them to be excavated. Tlioso of Syoiit — the ancient Lyco- 
polis, wIku'c along an extent of several miles the whole 
deolivily of the Libyan mountains is perforated with gravc's 
rising in terraces to their very summit — of 111 Kab (Eiloi- 
tliyia), of Assuan (Syene), of Madfnnch (Abydoa), of Kan 
(Anticopolis), and of a, hundred other places, would in any 
other country excite the wonder of the traveller ; here, vdiere 
along the Nile one gigantic necroi^olis follows ui)on anotlnn', 
they hardly attract any attention. 

But the ancient Egyptians not only embalmed human 
bodies and preserved them in rock-tombs ; they also converted 
into mummies the various animals to which they paid divine 
homage, and deposited them in subterranean cavities. This 
lionoiir was paid to Apis, the ox-god, to the sacred Ibis, to 
dogs, cats, and even to the repnlsivo crocodile. 

Besides the Borne of the Ccosai's and the Borao of the 
Popes, there is a third K,ome, scarcely hiss rennirk'able than 
the other two. The two former, gilded by the warm snn- 
bcnira, proudly rise above the banks of the Tiber with their 
ruins, palaces, and churches, while the latter lies hidden 
beneath the earth. 

Prom the cupola of St. Peter’s— -the most fitvonrabie 
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site for a panoramic yiew of the chief ruins and edifices 
of the Eternal City — the eye is also best able to embrace 
at one glance the general topography of the catacombs, 
or of subterranean Rome. Eifteen great cons alar roads, 
over which the victorious legions once marched out to subju- 
gate the world, radiate from the centre of the town, and 
furrow the arid Campagna, mitil they are finally lost in the 
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hazy distance. To the right and left of these causeways 
the catacombs have been hollowed out in the depths of the 
earth, and, though separated by the Tiber into two distinct 
regions, yet their various subdivisions trace a vast circle, the 
size of which may be measured by the circumference of the 
town itself. To form some idea of their extent, we must 
fancy an intricate wilderness of galleries and arched alcoves 
with their layers of sarcophagi, one above another j their 
lucernaria, for light or ventilation ; their stairs, straight or 
winding; and all this, not on one level only, but floor 
beneath floor — one, two, three, four, five — hewn out on a 
labyrinthine, yet harmonious and ecoiiomio plan. N'etwork 
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is perhaps a feeble description of these vast and intricate 
mazes ; a spider’s web seen through the glass of a naturalist, 
or rather four or spiders’ webs, one within the other, 
would seem a more fitting illustration. 

Such is the immensity of this city of the dead, that, 
according to the opinion of those who have made themselves 
best acquainted with all its subdivisions, their galleries, sup- 
posing them ranged in a line, would form a street 900 miles 
long, and lined by no less than six millions of tombs ! 

So vast a necropolis would command attention in any 
country, or as the memorial of any age, or of any part of the 
human race ; but to us the catacombs of Eome are doubly 
interesting, as the mysterious crypts which setved the first 
confessors of our faith for the purposes of sepulture and some- 
times of concealment. Their extent at once precludes the idea 
of their having been excavated in a clandestine manner, as 
was at one time erroneously believed ; and, moreover, history 
tells us that, apart from some passing storms of persecution, 
the Christians had as little reason as the Jews, their re- 
ligious ancestors, for making a secret of their faith, or of 
their places of interment. Prom the times of the Apostles 
their community constantly grew and multiplied throughout 
the Eomaii world — in Eome especially, the centre of that 
world — and there can be little doubt that from hlerva to the 
middle of the reign of Marcus Aurelius (from 96 to about 
166), and so onward to the great persecution under Decius 
(a.u. 249-256), the Christians, if exposed here and there and 
at times to local persecutions, were growing in unchecked 
and still expanding numbers. But as the living community 
increased, so also must the number of its dead, a reverence 
for whom was, among the survivors, not only a solemn duty 
but a deep-rooted passion. The Christians not only in- 
herited from the Jews the ancient usage of interment, but 
their reverence for the dead was strengthened by the belief 
that Christ had risen bodily from the grave, and that a bodily 
resurrection was to be their own glorious privilege. Hence 
the burning of the dead, customary among the wealthier 
pagans, was to them a profanation ; and as the body of the 
slave was as holy as that of his master, it claimed the same 
right of decent burial. 
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Bat where was room for the spacious burial-places re- 
quired for so vast a community ? 

■Within the walls of the city interment was very properly 
forbidden by the law, and at a convenient distance beyond 
its crowded precincts large plots of ground could hardly bo 
obtained j but the construction of subterranean cemeteries on 
a vast scale was greatly facilitated by the geological forma- 
tion of the land. Three different kinds of stone compose 
the groundwork of the Eoniaii campagna, : the tu/a Utoida, 
as hard and durable as granite, which furnished the inn.io- 
rials for the palaces and temples of the Csesarian city ; the 
tufa granolare, which, though consistent enough to retain 
the form given it by the excavators, cannot bo hewn or 
extracted in blocks, and the loose tufa friabile, ov ‘pozzuolana, 
which has been extensively used from the caidiost ages for 
mortar or Eoman cement. It is evident that neither the 
hard lithoid nor the loose tuff were suitable for the excava- 
tion of the catacombs, while this purpose could be admirahly 
attained in the courses of the granular tuff, which, though 
not too hard to be worked, is yet solid enough to make walls 
for long and intricate passages, to be hewii into arclio.s 
vaulting over deep recesses for the reception of coffins, n.nd 
to support floor below floor down to the utmost depth to 
which the formation reaches. 


Neither in the stone quames nor in the sand-pits of 
ancient Rome is there the slightest sign that they wore ovt*r 
used for the purposes of sepulture, while in the granular tuff 
not a yard seems to have been excavated except for the 
making of tombs, which line the walla thronghout their 
prodipous length, as close to one another as the berths in 
the sides of a ship. Though the most ancient catacombs 
were, excavated by the Jews, yet these excavations are of a 
ve^ limited extent when compared with those of Christian 
ongin, where, instead of the seven-branched candlesticlc and 
other sacred emblems of the Jewish persuasion, every 
ornament or inscription marked or painted upon the walls 
bears witness to the faith of those who were deposited-to 
use e pecuh^ aud appropriate expression— within those 
narrow ceJs. Everywhere we see Christian symbols only— 
the horse emblematic of strength in the fait^*; the hniitocl 
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liare, of iDersecntion ; tlie dove and the cock, of the Christian 
virtues of vigilance and meekness; the peacock and the 
phoenix, of resurrection; the anchor, of hope in immor- 
tality ; the palm-leaf, of the martyr’s triumph over death, 
and many others. 

The sepulchral inscriptions are short and simple, but often 
extremely tender and touching ; recalling to memory, in a 
few brief words, the innocence and purity of Kfe, the beauty 
and the wisdom, or the amiable, peace-loving character, of 
the deceased. The pompous or desponding tone of the heathen 
mortuary inscriptions disappears ; the Christian ^ sleeps and 
sleeps in peace.’ There is no sign of affectation or hypocrisy 
in these simple epitaphs, and the ennobling influence of the 
new creed upon the spirit of man is, perhaps, nowhere more 
conspicuous than in the unostentatious inscriptions traced 
upon the tombs of its first confessors. 

The use of the catacombs for the various purposes of 
interment, assembly, or concealment began, no doubt, with 
the first persecution under Nero. Most of the inscriptions, 
however, bear the date of the fourth or fifth century, and 
some are evidently of a much later period. When this 
custom may have ceased is uncertain, but in the Middle 
Ages the catacombs were entirely forgotten, and remained 
blocked up, until towards the end of the sixteenth century, 
when they were re-opened and explored by the indefatigable 
and courageous Antony Bosio, who devoted thirty-three 
years of his life to this labour. During his frequent wander- 
ings through the Eoman Campagna, this zealous archaeo- 
logist once found, to the left of the Appian Way, near to the 
church of Sancta Maria in Palmis, a brick vault in a field 
covered with rubbish. He immediately presumed it to be 
the entrance of a catacomb, and descended through the 
narrow opening. Tired with scientific ardour, he penetrated 
further and further into recesses untrodden for centuries by 
the foot of man. The passage soon became so narrow and 
low as to oblige him to creep, but neither the difficulty of 
the exploration, nor the fear of being crushed to death by 
the crumbling stones, could restrain him ; and thus, day 
after day, he ^jontinued his perilous search, until, finally, a 
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complete subterranean city revealed itself, altbougli lie could 
not ascertain its limits i for, liowever far lie miglit probe its 
intricacies, new passages were still brancMng out on every 
side, and the maze descended in several successive stories 
deeper and deeper into the eartb. After Bosio, other 
arcbLEeologists have continued bis researches, and in our days 
the Cavaliere de Eossi — ^to whose indefatigable zeal is due, 
amongst others, the discovery of the Catacomb of Callistns, 
where many of the early popes have been entombed — has 
all but completed the topography of subterranean Eorne. 

Besides the ancient metropolis of the world, several other 
old Italian towns possess remarkable catacombs or subter- 
ranean burial-places. Those of Naples, historically far less 


interesting than those of Eome, are executed on a far more 
spacious plan. They are situated not beneath the town 
itself, but in a neighbouring mountain, where they have been 
excavated to a distance of more than two miles. Large 
galleries, eighteen feet broad, and fourteen or fifteen high, 
branch out into a number of smaller passages, while the walls 
on both sides are pierced, like those in Eome, with horizontal 
supulchral cavities, six, or even seven, one above the other. 


The Catacombs of Syracuse, under the site of the ancient 
Aebradina, are the largest and best preserved known. 
They are all excavated in the solid rock, and form lofty 
vaults, very different from the narrow and dangerous burrows 
of subterranean Eome. A broad gallery runs through the 
wdioie of the labyrinth, and from this many other passages 
o an iiifenur width branch out, leading to large circular 
vaults with openings at the top for the admission of light. 
Many of these have been closed, as they were equally 
dangerous for the people in their neighbourhood and thoir 
cattle, so that torches are necessary for visiting thorn. 
Along the walls are a number of niches, which served as 
epulchres, so that these excavations, which originally wciv 

} s vast population for various household purposoa 
were ultimately converted into a city of the dead. ^ ^ 
The Catacombs of Paris, though ancient as quarries arc 
^eiy modern date as places of sepultur^e. UntU the 
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end of tlie reign of Louis XVI. tlie principal "burying-ground 
of Paris had been the Cemetery of the Innocents, near the 
church of the same name. Originally situated beyond the 
walls of the town, it had in course of time been so sur- 
rounded by the growing metropolis as to occupy its centre. 
Here, during nearly ten centuries, numberless bodies had 
been deposited, so that, from the malaria it engendered, it 
became a constant source of danger to the living. At length 
the cemetery became so intolerable a nuisance that its sup- 
pression and conversion into a public market-place was 
decreed in 1785. 

The question now arose where the bones to be displaced 
should be deposited, and, from their proximity to the town 
and their extent, the ancient quarries were chosen as the 
most favourable spot for a vast subterranean necropolis. 

• But these immense excavations, which, having been aban- 
doned for several centuries, had in many places fallen in, 
needed a full year for repairs before they could be safely 
used for their new purpose. At length, on April 7, 1787, 
they were soleinuly consecrated, and the same day the work- 
men began to remove the bones from the Cemetery of the 
Innocents — an operation which needed more than fifteen 
months for its completion. Gradually many others of the 
ancient cemeteries of Paris were in like manner removed to 
the catacombs, so that they are said to contain the bones 
of more than three millions of bodies. All these bones are 
symmetrically piled up along the sides of the galleries ; the 
apophyses of the large thigh and arm bones are disposed in 
front, so as to make a nearly uniform surface, interrupted 
from siDace to space by a row of skulls. Some of the crypts 
or sepulchral chambers are rather lugubriously decorated 
with festoons or pyi-amids of skulls and cross-bones, and 
many of the stone pillars which support the vaults have 
likewise received ornaments of the same sexton taste. Sixty- 
tbree staircases lead from different parts of the town into 
the catacombs, and are used by the workmen and agents 
appointed to take care of the subterranean necropolis ; but 
visitors are admitted only every three months by the entrance 
at the Barri^’e du Maiue. A descent of ninety steps brings 
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tliem to a nai^row gaUery, wHcli conducts tlieiu, after several 
windings, to the more roomy vanlts where the bones are 
deposited; and after wandering for some time among these 
gloomy memorials which are piled up on either side, they 
finally emerge into daylight through another gallery, similar 
to the first. ^ Ko doubt Paris afitords many a more ifieasant 
ramble, but hardly one more interesting, or capable of making 
a deeper impression on the mind. 



CHAPTEE XIX. 


OAVES OOETAINING REMAINS OE EXTINCT ANIMALS. 

The Care Hyena and the Care Bear — ^The Cavern of Kirkdale — The Moa Cares in 
New Zealand — Various Species of Moas — Their enormous size. 

B esides their picturesque beauty or their solemn gran- 
deur, some caves are extremely interesting as containing 
the bones of extinct quadrupeds or birds. Dnrivalled in point 
of antiquity by the oldest tombs erected by man, they carry 
us back to times which, though of compai’atively recent date, 
are still so far removed from the present day a,s almost to 
terrify the imagination— for how many ages must have 
elapsed, and what changes of climate must have taken 
place, since the hyena or the tiger inhabited the grottoes 
of northern Europe ? 

In many oases the bones found in ossiferous caves must 
have been washed into them by currents of water, or else 
they may be the remains of animals that accidentally dropped 
in through holes in the roof ; but there can be no doubt that 
frequently the caves in which the bones of extinct carni- 
verous animals have been found, served as their dens while 
they were living. The abundance of bony dung associated 
with the remains of the hyena, as well as the great number 
of bones all belonging to one species which are frequently 
found congregated in the same cave, is strongly confirmatory 
of this opinion, no less than the circumstance that the walls 
of several ossiferous caves, when deprived of their stalactital 
covering, have been found smoothed or rounded off from the 
frequent ingress and egress of their former inhabitants as 
they squeezed themselves or dragged their prey through a 
narrow passage. Besides, the hyenas and bears of the pre- 
sent day frequently live in caves, thus justifying the inference 
that their extinct predecessors had the same habit. 
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Tbe antiquity of many of tlie animal remains found in 
caves is proved not only by their being dissimilar to existing 
species, but by the manner in which they are entombed. 
I'or ages they accnmnlated oh the floor of the cave, often to 
a considerable depth, mixed with mud or sand or fragments 
of rock — ^then, when, &om a change of level or some other 
cause, the cavern became uninhabited, a thick crust of sta- 
lagmite was slowly formed, and burying them all, as under 
solid stone, preserved them undisturbed, until some accident 
revealed their existence after a time the length of which 
escapes all calculation. The dim vista into the past appears 
still more shadowy in the ease of the cavern discovered by 
Dr. Sehmerling at Choquier, about two leagues from Li^ge, 
where three distinct beds of stalagmite were found, and 
between each of them a mass of breccia and mud, mixed 
with quartz, pebbles, and in the three deposits the bones of 
extinct quadrupeds ! 

Ossiferous caves have been found and examined in many 
parts of the world : in France, in Belgium, chiefly in the 
valleys of the Meuse and its tributaries; in Austria and 
Hungary, in Germany and England. 

It is remarkable that while the remains of a large and 
extinct species of bear, although found in our caves, are 
much more common on the Oontinent, the bones of the hyena 
form by far the largest proportion of those obtained from the 
English caverns. Thus under the incrustated floors of our 
rock-crevices and hollows, we find the proofs that our island 
was once inhabited by brutes which are now confined to 
Africa and the adjacent parts of Asia. But the extinct hyena 
of England was a much larger and more formidable animal 
than either the striped hyena of Abyssinia or the spotted 
hyena of the Cape, the latter of whom it most resembled. 
The abundance of these animals, and the length of the 
period during which they inhabited England, may be in- 
feiTed from Dr. Bucldand’s account of the opening of tho 
celebrated cavern of Kirkdale. 

The bottom of the cave, on first removing the mud, was 
found to be strewed all over, like a dog-kennel, from one end 
to the other, with hundreds of teeth and bones, and on some 
of the bones marks could be traced, which, on applying one 
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to the other, appeared exactly to fit the form of the canine 
teeth of the hyena that occurred in the cave. Mr. Gibson 
alone collected more than three hundred canine teeth of the 
hyena, -which must have belonged to at least seventy-five 
individuals, and adding to these the similar teeth I have 
seen in other collections, I cannot calculate the total number 
of hyenas, of which there is evidence, at less than two or 
three hundred.^ 

The grisly bear of the Rocky Mountains {TTrsus ferox) is 
the most ferocious of its race at the present day. It is about 
nine feet long, and is said to attain the weight of 800 pounds. 
Its strength is so prodigious that even the bison contends 
with it in vain. But this huge and formidable animal was 
surpassed in size and strength by the extinct bear {Urms 
spdceus) which once inhabited the caverns of Europe, at a 
time when vast and interminable forests covered the land, 
and the Rhine and the Danube flowed through wastes like 
those through which the Mackenzie or the Tenissei now find 
their way to the ocean. 

From the prop<^rtions of the molar teeth, and from some 
peculiarities of appearance and wearing, it has been inferred 
that this extinct species lived chiefly on vegetable food j but 
its prodigious strength, and the huge canines with which its 
jaws were armed, enabled it to cope -with its contemporaries, 
the large Auerox and the teichorhine rhiaoceros, and to de- 
fend itself successfully against the large lion or tiger whose 
remains have also been found in the caverns of western 
Europe, and which, if we may judge by the size of their 
canine teeth, must have been more than a match for the 
largest felides of the present day. 

Besides the hyena and the bear, more than a hundred 
species of extinct animals have been discovered in our 
ossiferous caves. In those of Paviland, Glamorganshire, 
bones of a primeval elephant have been found ; and in that 
of Wirksworth, Derbyshire, the almost entire skeleton of 
a rhinoceros lay buried in a considerable mass of gravel 
and osseous fragments. How the large creature came there 
is a question that may well exercise the ingenuity of a 
geologist. 

Though in Ihese and similar cases, the bone-caves have 
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The kangaroo, as is well-known, is peculiar to Australia, 
and caverns in that country have been described by Sir T. 
Mitchell, containing fossil bones of a lai'ge extinct kangaroo. 

A singular wingless bird, the Apteryx australis, Is found 
only in the wilds of the interior of New Zealand, where it 
takes refuge in the clefts of rocks, hollow trees, or in deep 
holes which it excavates in the ground. The caves of that 
country show us that it was preceded by other wiughjss birds 
of a gigantic structure— the Moas, by the side of whicli even 
the ostriches of the present day would shrinl^ into compara- 
tive insignificance. 


been found to contain the remains of animals very different 
from those now existing in the same region, yet in general 
they show a remarkable relationship, in the same land or 
continent, between the dead and the living. Thus in the 
caves of Brazil there are extinct species of all the thirty-two 
genera, excepting four, of the terrestrial quadrupeds now 
inhabiting the provinces in which the caves occur, such as 
fossil ant-eaters, armadilloes, tapirs, peccaries, giianacoes, 
opossums, and numerous South American gnawers, monkt^ys, 
and other animals. 
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These wonderful creatures would probably have remained 
unknown to the present day, if, in 1839, the thigh-bone of a 
Moa had not fallen by chance into the hands of Professor 
•Owen, who from this single fragment drew up a surprisingly 
correct notice of the bird. This memoir, sent out to ISTew 
Zealand, gave a stimulus to further researches, and from 
the larger quantity of the Moa’s bones now sent to England, 
Professor Owen built up the beautiful skeleton which, along 
with those of the Mylodon robustus, of the Mammoth, and of 
the primeval stag, forma one of the most conspicuous orna- 
ments of the splendid Museum in Lincoln’s Inn Pields. 

But the reconstructive genius of our great palaeontologist, 
not satisfied with this triumph, has detected a whole group 
of ostrich-like birds among the remnants of the past, which 
the New Zealanders, who, as we may suppose, are no adepts 
in comparative anatomy, all confound under the common 
name of the Moa ; and thus five species of Pinornis, the 
Palmopteryx, the Aptornis, and the comparatively small 
Notornis, have been, as it were, resuscitated by a miracle of 
science. A specimen of the last-named species of these 
birds was caught alive in a remote, unfrequented part of the 
south island of New Zealand in 1850 by some sealers, who, 
ignorant of the value of their prize, killed and devoured it 
as if ib had been a common turkey. Portunately, however, 
the skin of this unique bird, the link between the living and 
the dead, the last perhaps of a race coeval with the gigantic 
Moas, was preserved from destruction. 

• The largest species of Moa {Dinornis robustus) must 
have stood, when alive, about thirteen or fourteen feet high, 
since Dr. Thomson saw a complete leg, which stood six 
feet from the ground. Like the. ostrich, this feathered giant 
was incapable of flight, its rudimentary wings being unable 
to raise it from the ground. It had three toes on each foot, 
and tradition says that its feathers were beautiful and gaudy. 
Portions of the eggs of the bird have been found among their 
bones, of a sufficient size to estimate the probable size of a 
whole egg, and the conclusion is that the hat of a full-grown 
man would have been a proper-sized egg-cup for it. Prom 
the structure of the toes, which were well adapted for digging 
up roots, and*from the traditional report that the Moas were 
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in the hahit of swallowing stones to promote digestion, it 
may be concluded that they were herbiTorous, 

This is about as much as we hnow of the aspect and 
habits of this colossal Struthionide, whose apparent con- 
finement to the small ISTew Zealandic group is one of the 
most curious enigmas of its history. As it is extremely im- 
probable that so gigantic a race was originally formed for so 
narrow a sphere, we are led to belieYe that ITew Zealand is 
but the remnant of a vast continent now whelmed under the 
waves of the Pacific. 

When the group was first peopled by the Maories, about 
five hundred years ago, the Moas had already become exces- 
sively rare, and the last of them seem to have perished 
during the seventeenth century, though the hTew Zealanders 
believe that some of them still live in the remote and un- 
frequented wilds of their native land. 

The bones of the various species of Moa have been 
partly found in morasses, partly in the beds of mountain 
torrents, but chiefly in various caves, which no doubt served 
the living animals as dwellings or places of refuge. 

One of these caverns, called by the New Zealanders ^ Te 
Anaoteatua,’ or the Cave of the Spirit, was visited by Dr. ■ 
Thomson,* who describes it as very remarkable. It is 
situated in the tertiary, extremely cavernous, and undermined 
limestone mountain chain which extends along the west 
coast of the northern island, and whose picturesque beauties 
and natural curiosities are destined to occupy a conspicuous 
place in some future guide-book. Its entrance, resembling 
the gateway of an old castle, is concealed by a thick foliage of 
shrubs, and a dark green creeper adheres to the limestone 
rock and covers the opening. The cave extends in a tortuous 
direction under the hill for upwards of a mile, and branches 
out into several passages. Prom its roof and sides numerous 
stalactites are hanging, some of them six feet long, aiid 
composed of transparent calcareous spar, while others 
have a red tint. In that part of the cave which Dr. Thom- 
son explored, there were three openings in the roof at 
different places, each from ten to fifteen feet in circum- 

* ‘ On the Moa Cares of New Zealand.’ Edinburgh Ne^y Philosophical Journal. 
VOl. Ivi. 1854. • 
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ference, throtigli wliicli light was seen streaming in, one 
hundred and fifty feet above the head. Immediately below 
these openings there were heaps of wood and debris washed 
down from the surface ; hut these openings did not throw 
much light into the cave, so that even during the day it 
•was perfectly dark. A subterranean stream of water run^ 
through part of it, and then disappears under the rock. 

Before the introduction of Christianity, this cave was 
held in the greatest terror by all Hew Zealanders, and no 
one would have ventured to enter it ; but as Moa bones fetch 
a high price, the love of money at length conquered the super- 
stitious fears of some Christian natives, and their boldness 
was rewarded by a tolerably rich harvest of bones, although 
their search was made in a very hasty and imperfect 
manner. 

Another cave situated in the same neighbourhood, and 
bearing the indigenous name of ‘ Te Anaotemoa,’ or the Cave 
of the Moa, did not enjoy the privilege of spiritual protection, 
and the Maories were in the habit of resorting to it to pro- 
cure the skulls of the Moas, to hold the powder which they 
used for tattooing, and their long bones for the manufacture 
of fish-hooks, before they became acquainted with the use of 
iron. 

The Cave of the Moa is in a limestone hill, with two open- 
ings, one towards the north-east, and the other towards the 
south-west. The north-east opening has evidently been 
caused by the falling in of the roof, and is apparently of no 
great age ; the south-west entrance is 14 feet high and 10 
feet broad, and covered over with trees and bushes. The 
cave is 165 feet long, the greatest breadth 28 feet, and the 
height 60 feet. The roof is oval, and numerous stalactites 
drop gracefully from it, giving a cathedral-like effect to the 
whole. One part of the cave is fl.oored with calcareous 
spar, another with a large deposit of soft stalagmites; and 
that which is furthest from the south-west opening is 
covered with earth and stones, which appear to have fallen 
down when the roof of the cave gave way. It is under this 
earth, and the soft deposit of carbonate of lime, that the Moas’ 
bones are found. Dr. Thomson collected only four skulls 
in this cave, and the scarcity of them was accounted for by 
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their use in former days as powder-holders. There was 
nothing to lead him to think that these bones had been de- 
posited in the cave by water, for he found a remnant of almost 
every bone in the body, from the spine and the rings of the 
trachea down to the last bone of the toes. The bones belonged 
to the largest and also to the smaller species of Moas. 

It would require several days’ labour of many men to clear 
out the bottom of this cave properly, in order to see what ’ 
bones it contains ; but, as far as Dr. Thomson saw, there were 
no osseous remains of man or of any animals, except Moas, 
in it, or any marks of fire, sculpture, nor figures of any kind 
on the walls of the cave. 

There are, no doubt, many other grottoes and cavities con- 
taining Moas’ bones in the islands, but they are carefully 
kept secret by the natives, as, on account of the high price 
paid for the bones, they may almost be regarded as small 
gold-mines. 
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CHAPTER XX. 

SXJBTEREANEAK RELICS OF PREHISTORIC HAI?’. 

Th.0 Peat Mosses of Denmark — Shell Mounds — Swiss Lacustrine Dwellings—' 
Ancient Mounds in the Valley of the Mississippi— The Caves in the Valley of 
the Meuse — Dr. Schmerling — Human Skulls in the Cave of Engis — ^Explorations 
of Sir Charles Lyell in the Cave of Engihoul — Caverns of Brixham — Caves of 
Grower— the Sepulchral Grotto of Aurignae— Flint Implements discovered in the 
Valley of the Somme — Gray’s Inn Lane an ancient Hunting-ground for 
Mammoths. 

A mong the various researclies of geologists, there are 
perhaps none of a more general interest than those 
which relate to the antiquity of the human race. We would 
gladly know whether those strata and caves which contain 
so many relics of the past afford us also some insight into 
the primitive condition of man — some indication of the times 
when he first appeared upon the stage of life. Within the 
last years many discoveries have been made which have 
thrown light upon the subject, and proved that, though man, 
geologically speaking, is of recent origin, and probably the 
youngest born of creation, his ancestry still stretches hack 
at least as far as that remote period when the huge Mam- 
moth ranged over the north, when the cavern bear and the 
cavern hyena tenanted the excavations of our limestone 
hills, and the uncouth form of the rhinoceros brushed 
through the dense primeval forests of our land. In the fol- 
lowing pages I intend briefly to point out some of the most 
interesting of these discoveries. 

The peat-mosses of Denmark, varying in depth from ten 
to thirty feet, show their enormous antiquity by the changes 
which have taken place in the vegetation of the land since 
the first periods of their growth. At their lowest levels lie 
thick prostrate trunks of the Scotch fir, which must once 
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liave grown on tlieir margin, but wMcb is not now, nor bas 
ever been in bistorical times, a native of tbe Banish isles. 
At higher levels the pines disappear, and are supplanted bj 
the sessile variety of tbe common oak, while still higher 
occurs the pedunculated variety of the same oak, now in its 
turn almost superseded by the common beech. It is impos- 
sible to calculate the number of ages needed to bring about 
these vast changes in the forest scenery of Denmark — a very 
moderate estimate carries them back seven thousand years — 
but at eveiy depth in the peat, and under all these various 
trees, implements and other articles of human workmanship 
have been found, which show that, since the appearance of 
man, the fir and the oak have successively flourished and 
disappeared. 

In addition to the peat-mosses, the Danish ' shell-mounds ’ 
throw some light on the prehistoric ages of that northern 
land. These mounds, or ^refuse-heaps,’ consisting chiefly of 
thousands of east-away shells of the oyster, cockle, and other 
molluscs of existing species, may be seen at certain points 
along the shores of nearly all this Danish islands. The shells 
are plentifully mixed up with tlie bones of various quadrupeds, 
birds, and fishes, which served as the food of the savages by 
whom the mounds were accumulated; while scattered all 
through them are rude implements of stone, horn, wood, and 
bone, with fragments of coarse pottery, mixed with charcofil 
and cinders, but never any implements of bronze or of iron. 
Similar refuse-heaps are found near the huts of many wild 
nations of the present day ; as, for instance, near tbe miser- 
able wigwams of the Duegians, who live chiefly upon 
limpets. 


The most striking proof that the Danish refuse-heaps are 
very old 13 derived from the character of their imbedded 
shells. These, indeed, belong entirely to living species ; but 

the common eatable oyster is now unknown in the brackish 

waters of the Baltic, and the eatable mussels, cookies, and 
peiimufcles, which in the refuse-heaps are as large as those 

mfrnra W Hence we may confidently infer that in the days 

Dfrd Danish coasts aconmL 

lated these heaps, the ocean must have had freer access than 
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now to tlio Baltic, and mixed its waters tlirongli broader 
«lniniu‘lB with those of that inland sea. 

Ah in thci pt^at-hogs the iinplcmonts and weapons found 
hnriiul with llie ^Scotch fir are all made of stone, whereas 
thoHo Ci>iiiciding with the oak epoch are made of bronze, we 
may further conclude that the stone hatchets and knives of 
thi^ refuHt'du'apH likewise belong to the same distant period 
wbeii (Wi'rgretm for(‘RtH lUmrushed in the Banish isles. 

'riu^ ancient Swiss latuislnno dwellings, so frequently 
mentioiHHl of late ytniva, afford us another highly interesting 
glimpse into rcunoto prediistoric ages. They seem first to 
have attraei-ed attention during the dry season of 1853-4, 
when the lakes and rivers wore unusually low, and when the 
inhahitunis of Meilen on the Lake of Zurich resolved to raise 
tlu' level of Hoino ground, by throwing upon it the mud ob- 
tained by dredging in the tuljoining shsillow water. Buring 
these dnulging opt?raUons tlujy discovered a number of 
woodi'n piles deeply driven into the bed of the lake, and, 
auKUig them, many stone instruments, fragments of rude 
pottery, fiMhing gear, {lud tlui bones of varions animals ; 
tlume which contained marrow being split open, in the same 
way as ilmso Annul in iluj Danish shell-mounds.* 

The ruins thus unexpectedly brought to light wore evi- 
dently those of a village of unknown date, and since then 
many other hill-dwellings (more than a hundi’ed and fifty in 
all) have been detected near the borders of the Swiss lakes, 
at points whore the depth of water does not exceed fifteen 
feet. Such aquatic sites wore probably selected as places of 
Hari‘ty, Hinc.e tlu'y could be ai>proached only by a narrow 
Itridgt! or by boats, and the water would servo for protection 
alike against wild animals a.nd human foes. The relative 
age of tlu! i)il(‘-dw(‘llingH is clearly illustraUul by the nature 
D? the Indies that Vw sc.atU'inal among iludr ruins. In some, 
only bronze iitmisils or oriuummts are ibund; in others all 
ilic a.rticU‘H are of stout'. Thu formt'r, indics.ting an advance 
in civilisation, are evidtmlly of a more recent age ; but, oven 
auuuig tlu* villugcH of tins HttJiie period, some are of later dale 
than tdluTH, as llusy exhibit signs of an improved state of the 

•* Set* tilfe'* tlifs iirtiulft on IjiU'U,*»lriiu» AIhkIoh tu tho Efhn, Korii'W, July 18Q3. 
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*,arts. TlmS'We have here a long perspective into an unknown 
past, for even the bropze villages are probably of an age long 
antecedent to the Eoman period. The oldest stone settle- 
, ments are perhaps as old as the times of the Danish refuse- 
heaps; but even among their ruins some domesticated animals 
occur, namely the ox, sheep, goat, and dog ; and the appear- 
.ance of three cereals indicates that the population had 
already made some progress in the agricultural arts. Aml>er 
ornaments, which could only have found their way from the 
Baltic, as also hatchets and wedges of jade — of a kind not 
occurring in Switzerland or in the adjoining parts of Europe, 
and which some mineralogists would derive from the East — 
prove the existence of an active commercial intercourse, even 
8>t that early age, which the Swiss archaeologists and geolo- 
.gists carry back as far as 7,000 years. 

In the basin of the Mississippi, and especially in the valley 
‘ of the Ohio and its tributaries, many large mounds have been 
found, which have served in some cases for temples, in others 
for outlook or defence, and in others for sepulture. Some 
of these earthworks are on so grand a scale as to embrace 
areas of fifty or a hundred acres within a single inclosure ; 
and the solid contents of one mound are estimated at twenty 
.millions of cubic feet, equal to about one- fourth of the bulk 
of the Great Pyramid of Egypt. From several of these 
repositories pottery and ornamental sculpture have been 
taken, as also weapons made of unpolished hornstone and 
various articles in silver and copper. An active commercial 
intercourse must have existed between the Ohio mound- 
builders and the natives of distant regions, as mica from the 
Alleghanies, sea-shells from the Gulf of Mexico, obsidian 
from the Mexican mountains, and implements made of native 
copper from Lake Superior, have been found among the 
buried articles. 

The extraordinary number of the mounds implies a long 
period during which a settled agricultural population, con- 
siderably advanced in the industrial arts, occupied the fertile 
valleys or the alluvial plains in the basin of the Mississippi, 
covered since then with vast forests, and tenanted by wild 
hunters without any traditionary connexion with their more 
civilised predecessors. The epoch when this people flourislied. 
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or tliG adverse circumstances wMch. swept them, away, are all 
equally unknown j hut the age and nature of the trees found 
growing on some of their earthworks afford at least some 
data for estimating the minimum of time which must have 
passed since the mounds were abandoned. 

Trunks, displaying eight hundred rings of annual growth, 
have been cut down from them, and several generations of 
trees must have lived and died before the mounds could have 
been overspread with that variety of species which they 
supported when the white man fii'st set foot in the valley of 
the Ohio. In a inemoir on this subject, General Harrison, 
who was skilled in woodcraft, observes that ‘beyond all 
doubt no trees were allowed to grow so long as the earth- 
works were in usej and when they were forsaken, the ground, 
like all newly cleaned ground in Ohio, would for a time be 
monopolised by one or two species of tree, such as the yellow 
locust and the black or white walnut. When the individuals 
which were the first to get possession of the ground had died 
out one after tho other, they would in many cases, instead of 
being replaced by the same species, be succeeded {by virtue 
of tho iaw which makes a rotation of crops profitable in agri- 
(uilburo) by other kinds, till at last, after a great number of 
centuries (several ihoxisaiid years, perhaps), that remarkable 
diversity of species characteristic of North America, and 
far exceeding what is seen in European forests, would be 
established.’ 

In all tho cases hitherto mentioned, the remains or relics 
of prehistoric man, however remote a date we may assign to 
them, have been found associated with fossil shells and mam- 
malia of living species. In the instances I am now about to 
relatcq wo {idva-nco a step farther hack, and find man the 
contenuporary either of extinct mammalia or such as could 
now no longer exist in the lands where once they throve. As 
tho mere mention of the numerous caves in Belgium, England, 
France, and Germany, in which human bones or articles of 
limuau workmanship have been found embedded along with 
the fossil remains of extinct animals, would tire the reader’s 
patience, I select from tho number a few which have afforded 
the most convincing x»roofs of the antiquity of man. The 
credit of having given the first impulse to these fruitful in- 
Q. 
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vestigatioBS is due to tlie late Dr. Schmerling, of Li^ge, 
who, with UBtiring zeal, devoted several years of his life to 
the exploring of the ossiferous caverns which border the 
valley of the Meuse and its tributaries. To gain access to 
many of the caves was in itself no easy task, as their 
openings could be reached only by a rope tied to a tree ; and 
when we consider that, after these arduous preliminaries, 
Dr. Schmerling had frequently to creep on all fours through 
contracted passages leading to larger chambers, there to 
superintend by torchlight, week after week, and year after 
year, the workmen who were breaking through a stalagmitic 
crust as hard as marble, in order to remove, piece by piece, 
the underlying bone breccia nearly as hard, and that while 
thus directing their labours he stood for hours with his feet in 
the mud, and with water dripping from the roof on his head, 
in order to mark the position and guard against the loss 
of each single bone which they brought to light, we can 
scarcely praise too highly his rare devotion to the cause of 
science. 

Among these caverns thus laboriously explored, that of 
Engis was found to contain the remains of at least three 
human beings, deeply buried under a thick floor of stalagmite. 
The skull of one of these, who may have been a beauty when 
the Meuse flowed at least fifty feet above its present channel, 
was embedded by the side of a mammoth’s tooth. Another 
skull was buried five feet deep in a breccia in which the 
tooth of a rhinoceros and several bones of other quadrupeds 
occurred. 

On the right bank of the Meuse, on the opposite side of the 
river to Engis, is the cavern of Engihoul, where likewise bones 
of extinct animals, mingled with those of man, were observed 
to abound ; but with this difference, that whereas in the Engis 
cave there were several human crania and but very few other 
bones, in Engihoul there occurred numerous bones of the 
extremities belonging to at least three human beings, and 
only two small fragments of a cranium. JSTone of the caves 
examined by Schmerling contained an example of an entire 
skeleton, and the bones were invariably so rolled and scat 
tered as to preclude all idea of their having be^ intentionally 
buried on the spot. As no gnawed bones or any coprolites 
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were found, lie inferred that the caverns of the province of 
Li^ge had not been the den of wild beasts, but that their 
organic and inorganic contents had been swept into them by 
streams communicating with the surface of the country. In 
1860 Sir Charles LyeU, on a .visit to Liege, determined 
still further to examine the Cave of Engihout, into which 
Schmerling had delved in 1831, and engaged some workmen 
to break through the crust of stalagmite, with the intention 
of searching for bones in the undisturbed earth beneath. 
Bones and teeth of the cave-bear were soon found ; and, at the 
depth of two feet below the crust of stalagmite, three frag- 
ments of a human skull, and two perfect lower jaws with 
teeth, all associated with the bones of bears, large pachyderms 
and ruminants, and so precisely resembling these in colour 
and state of preservation as to leave no doubt that man was 
contemporary with the extinct animals. 

Our English bone-caves have likewise afforded abundant 
proofs of the antiquity of our race. In 1868 a new series of 
caverns having been accidentally discovered near the sea at 
Brixham, by the roof of one of them being broken through 
in quarrying, the Royal Society resolved to have it scientifi- 
cally and thoroughly examined. The united length of the 
galleries, which were cleared out under the superintendence 
of experienced geologists, amounted to several hundred feet. 
Their width never exceeded eight feet. They were sometimes 
filled up to the roof with mud, but occasionally there was a 
considerable space between the roof and floor. The nume- 
rous fossils discovered during the progress of the excavations 
were all numbered and labelled with reference to a journal in 
which the geological position of each specimen was recorded 
with scrupulous care. 

As in many other bone-caverns, the underground passages 
and channels were generally found floored with a layer of 
stalagmite, varying in thickness from one to fifteen inches, 
and next below occurred loam or bone-earth from two to 
fifteen feet in thickness. In the latter were found remains 
of the mammoth, of the cave-bear, of the cave-lion, and 
other extinct mammalia. No human bones were obtained, 
but many flint knives, chiefly from the lowest part of the bone- 
earth, and one of the most perfect lay at the depth of thirteen 
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feet from tlie surface, and was covered with. bone-eartJi oa 
that thickness. 

At one point in the overlying stalagmite a perfect reindeer’s 
horn was found sticking, and in another an entire humerus of 
the cave-bear — a convincing proof that both these animals 
must have lived after the flint tools were manufactured, or 
in other words that man in this district preceded the cave- 
bear. ^ A glance at the position of Windmill Hill, in which 
the caverns are situated, and a brief survey of the valleys 
which bound it on three sides, are enough to satisfy a geolo- 
gist that the drainage and geographical features of this 
region have undergone great changes since the gravel and 
bone-earth were carried by streams into the subterranean 
cavities. Some worn pebbles of hematite, in particular, can 
only have come from their nearest parent rock at a period 
when the valleys immediately adjoining the eaves were much 
shallower than they now are. The reddish loam in which 
the bones are imbedded is such as may be seen on the sur- 
face of limestone in the neighbourhood ; but the currents 
which were formerly charged with such mud must have run 
at a level seventy-eight feet above that of the stream now 
flowing in the same valley.’ * 

In 1861 Colonel Wood found, in a newly discovered cave 
of the peninsula of Gower, in Glamorganshire, the remains of 
two species of rhinoceros — E. teichorhinus and E. hemitoe- 
chus — in an undisturbed deposit, in the lower part of which 
were some well-shaped flint knives, evidently of human 
workmanship. This is the first w^ell-authenticated example 
of the occurrence of human implements in connexion with 
E. hemitoechus — the first proof that this extinct brute, else- 
where the usual companion of the mammoth, has been coeval 
with man. 

In 1852, on the side of a hill near the small town of Aurig- 
nac in the South of Erance, a sepulchral grotto was discovered 
which, though unadorned and rude, is of the highest interest, 
as in point of antiquity it surpasses all other burial-places 
known, and leads us back to times long anterior to the oldest 
traditions of our race. In that year a labourer observed that 
rabbits, when hotly pursued by the sportsman,^ran into a hole 

* Lyell, ‘Antiquity of Man/ p. 101, 
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which they had burrowed in a talus of rubbish washed down 
from the hill above. Expecting no doubt to ^ drag some 
struggling savage into day/ he reached as far into the open- 
ing as the length of his arm, and drew out, to his surprise, 
one of the long bones of a human skeleton. His curiosity 
being excited, he then began to dig a trench through the 
middle of the talus, and in a few hours found himself opposite 
a large heavy slab of rock, placed vertically against the en- 
trance. Having removed this, he discovered on the other side 
of it an arched cavity almost filled with bones, among which 
were two entire skulls, which he recognised at once as human. 

The good people of Aurigriac, highly interested in the 
discovery, flocked to the cave; and as they probably ex- 
pressed a wish to see the bones of what they supposed to be 
their forefathers enjoy a Christian burial, the mayor ordered 
these human relics to be removed from the lonely spot in 
which they had so long reposed in peace, and to be re-interred 
in the parish cemetery. But before this was done — having, as 
a medical man, a knowledge of anatomy, though, as it seems, 
a very imperfect idea of the ethnological value of the dis- 
coveiy — ^he ascertained that the bones must have formed parts 
of no less than seventeen skeletons of both sexes. Unfortu- 
nately the skulls were injured in the transfer, and the inter- 
ment was so negligently conducted that when, after the lapse 
of eight years, M. Lartet visited Aurignac, even the place 
could not be pointed out into which the skeletons had been 
thrown. 

The eminent antiquary, however, resolved systematically 
to investigate the ground inside and outside the vault ; and, 
having obtained the assistance of some intelligent workmen, 
made the following interesting discoveries, which amply re- 
warded him for his trouble. Outside the grotto he found a 
layer of ashes and charcoal, about six inches thick, extending 
over an area of six or seven square yards, and going no 
further than the entrance of the cave, there being no cinders 
or charcoal in the interior. Among the ashes were fragments 
of sandstone, reddened by heat, which had once formed a 
hearth, not fewer than a hundred flint articles, and knives, 
projectiles, sling-stones, and chips. Here also lay scattered 
the bones of various animals, some belonging to species 
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extinct for thousands of years in France, such as the 
mammoth, the Siberian rhinoceros, the reindeer, and the 
gigantic Irish deer ; and among these bones those which 
had contained marrow were invariably split open, as if for 
its extraction, many of them being also burnt. The spongy 
parts, moreo.Ter, were wanting, having been eaten off and 
gnawed after they were broken — the work, according to M. 
Lartet, of hyenas — whose bones and coprolites were mixed 
with the cinders and dispersed through the overlying soil. 
These beasts of prey are supposed to have prowled about 
the spot, and fed on such relics of the funeral feasts as 
remained after the retreat of the human visitors. 


In the cave itself, along with some detached human bones 
which had escaped removal to the churchyard, were also found 
the bones of animals and some rude works of art : flat pieces 
of shell pierced through the middle as if for being strung into 
a bracelet, and the carved tusk of a young boar, perforated 
lengthwise as if for suspension as an ornament. The bones 
of animals inside the vault differed in a remarkable manner 
from those of the exterior, as none of them were broken, 
gnawed, half-eaten, or burnt, like those which were found 
lying among the ashes on the other side of the great slab 
which formed the portal. They seemed also to have been 
clothed with their flesh when buried in the layer of loose soil 
strewed over the floor, as they were often observed to be in 
j^taposition, and in one spot all the bones of the leg of an 
Ursus spelceus -N&T& lying together uninjured. When we 
consider that it is stiU the custom of many savage tribes to 
bury pieces of meat, such as the bear’s fat haunch, with the 
bodies of the dead (so that they may not lack food on their 

ghlpsrSth *rf gain a most interesting 

7 if "" man-the contemporary of 

the reindeer the cave-bear, and the mammoth in. the South 

of Fiance. Armed with flint weapons, he had established his 
supremacy over the wild beasts of the forest. Eude and 
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with a bed of peat, in some places more than thirty feet 
thick. Near the surface of these moor-grounds Gallo-Eoman 
remains have been found, and, still deeper, Celtic weapons of 
the stone period ; but the thickness of the superincumbent 
v^egetable matter is far inferior to that of the underlying 
peat, so that many thousands of years must necessarily have 
passed since the first growth of that swampy vegetation. 
But, however remote its age, it is still of later date than the 
adjoining or underlying alluvial deposits of clay, gravel, and 
sand, which cannot originally have ended abruptly as they 
do now, but must have once been continuous further towards 
the centre of the valley. A long time must necessarily have 
elapsed between their deposition and subsequent denudation, 
and the first growth of the peat. In the lowest, and con- 
sequently oldest, of these beds, there . has been found also a 
mixture of freshwater and maidne shells, bones of the primi- 
tive elephant and teichorhine rhinoceros, and a number of 
flint implements shaped by the hand of man. Thus we have 
here convincing proofs that a race of savages inhabited the 
Valley of the Somme long before it was scooped out to its 
present depth, and when as yet not a trace existed of the 
thick bed of peat which now covers its lower grounds, and 
required so many thousand years for its formation. 

Similar flint implements, in connexion with the bones of 
extinct animals, have been disinterred from ancient drift 
formations in many parts of England — in Surrey, Middlesex, 
Kent, Bedfordshire, and Suffolk. In the British Museum 
there is, among others, a flint spear-headed weapon which 
was found with an elephant’s tooth near Gray’s Inn Lane in 
1716. 

When, according to the old myth, Evander led ^neas 
over the site of future Eome, they saw the cattle grazing in 
what was to be the Forum, and heard them bellowing among 
the future dwellings of the rich senators and knights, 

* passimque amenta vi deban t 

Bomanoque Foro et lantis mugire Carinis.’ 

The change thus pointed out by Virgil was far less than 
that exemplified by these few relics of a time when possibly 
no intervcniii^g sea separated Britain from the rest of the 
world. 
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TROGLODYTES OR CAVE-DWELLERS — CATOIBAL OAVES. 

Cave-Dwellings in the Val d’Tspica— The Sicanians — Cannibal Caves in South 
Africa — The Rock City of the Thenmd— Legendary Tale of its Destruction. 

C AVES were probably the earliest habitations of primitive 
man — the first rude shelter for which he had to do battle 
with the hyena or the bear. As we have seen in the pre- 
ceding chapter, sopie of the oldest relics of bis prehistoric 
existence have been discovered in caves ; and at a far later 
period, when he had already made some progress in the arts, 
we find many races still adhering to the subterranean dwell- 
ings of tbeir forefathers. Such a state of things may pos- 
sibly be indicated in the mythical stories of the Greek and 
Trojan heroes, who, near the base of Mount Etna, are said 
to have found caverns tenanted by the troglodytic tribe of 
the Cyclops. 

In another part of Sicily the old cave-dwellings of the 
Val dTspica deservedly attract the antiquarian’s attention. 
The vale is a narrow gorge, situated between Modica and 
Spaecafurno; and throughout its whole length of about eight 
Italian miles, the rock-walls on both sides are pierced with 
innumerable grottoes, which at first sight might he taken 
for the productions of nature; hut on a closer inspection evi- 
dently show that they are the work of man, and have been 
ongmaUy excavated to serve as dwellings. The luxuriant 
vegetation of the Val forms a pleasing contrast with the 
naked sterility of the plain in which it is imbedded ; a small 
nvulet flows along the bottom, and irrigates wild fig-trees 
•nd^lelyoWer,, „„ . Ugbe. 1,™]' 

acanthuses and wfid artichokes, while thick festoons of 
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cactns hang down from tlie top of tlie rocks and shade the 
entrance of the grottoes. These are excavated at various 
heights above the bottom of the vale,, and often consist of two 
or three stories, one above the other. A great part of the 
rock- wail on the right bank of the brook has fallen in, and 
exposes to sight the internal arrangement of the dwellings. 
On the mounds of rubbish the visitor is able to ascend to 
the entrances of the caves, which originally can have been 
accessib] e only by ladders. The chambers are seldom more 
than twenty feet deep and six feet high and broad. The 
above-mentioned rock-slip has laid open, among others, a 
dwelling of three stories, with flights of steps in a good state 
of preservation, to which, on account of its superior dimen- 
sions, the neighbouring peasants have given the name of 
Gastello dTspica, and which may have been the abode of a 
chieftain - 

Several mortar-like basins or troughs, hollowed in the rock, 
evidently served for the pounding of corn, so that the inha- 
bitants, whoever they were, must have known at least some 
of the arts of civilised life. A few of the rooms or burrows 
(for their size hardly warrants a better name) are still tenanted 
by shepherds, whose whole furniture consists of a kettle, a few 
pots, and some skins to lie upon. Parthey, a learned German 
traveller,* who visited many of the caves (the whole number 
probably exceeding 1 , 500 ), nowhere found the least traces of 
ornament about them; the doors and windows were mere 
rough holes broken through the rock. Thus there can be no 
doubt that the fragments of painted vases and sculptured 
marble that have been found here and there in the caves 
belong to a much later period, for a people sufficiently ad- 
vanced in the arts to paint vases and to chisel marble could 
not possibly have been content with a mole-like existence. 
If we seek to ascertain the probable age of this cavern city, 
all circumstances combine to throw back its origin to a very 
ancient date. The total want of artistic decoration at once 
forbids us to assign these extensive but rude excavations to 
one of the Greek tribes which successively founded colonies in 
the island after expelling the aborigines from their ancestral 
seats. In the Eoman, the Saracenic, or some later period, a 

* ‘ Wanderungen dureli Sicihen. 
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band of fugitives iniglit indeed have found a temporary 
retreat in this remote vale, but could hardly have remained 
concealed long enough to execute a work which evidently 
required long years of undisturbed toil. Thus it has been 
conjectured that these caves were the dwellings of the 
ancient Sicanians, a people who became known to history 
only when about to disappear for ever from the stage of the 
world, having left no memorial of their existence save 
perhaps these rude vestiges of an infant state of society. 

We may justly presume that the aborigines of Malta, the 
Balearic Islands, and Sardinia, were likewise troglodjdes 
when the first foreign colonists landed on the shores of 
these islands. And such, after the lapse of more than 
thirty centuries, are the Sarde shepherds of the present day, 
who frequently have no better dwellings than the caves of 
the rocks. 


In Southern Italy the traveller meets with traces of the 
same primitive mode of life. Near a place called Iscalonga, 
in the province of Basilicata, Mi*. Mallet found many in- 
habited caves, excavated in dry tufa of extreme antiquity. 
Some of the troglodytes came out to see him pass, and looked 
savage and queer enough in their rough brown blanket-cloaks, 
with peaked hoods and sheepskins. 

Irrespective of climate, we at the present day find cave- 
dwellers among the tribes of the frozen regions of the North 
and the Arabs of the stony wastes bordering on the Bed Sea : 
in the Libyan deserts, and in the sandstone rocks of Southern 
rica wherever nature has formed grottoes, or the soft 
material admits of an easy excavation. 

Amongst the many interesting objects of the Transgariep 
country are tlie celebrated cannibal caverns which extend 
from the Moluta to the Caledon river. Thirty years a^o 

or the panther, were the scourge of the whole neighbourino- 
counry. Their mode of living was to send out hunting 
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better mode of life, and they are now said to be an inoffensive 
people of agriculturists and traders. When Mr. James Henry 
Bowker visited the caves near the sources of the Caledon river, 
in 1868, he met at one of them an old savage, one of the most 
ill-looking ruffians he had ever beheld, who had formerly 
assisted at the cooking and bone-picking of many a human vic- 
tim, and, like the Last Minstrel, seemed greatly to regret that 

‘Old times were changed, 

Old manners gone.* 

and that 

* The bigots of the iron time 
Had called his harmless life a crime.’ 

The largest cavern is situated amongst the mountains be- 
yond Thaba Bosigo, the residence of the old chief Moshesh, 
about ten miles distant from the deserted missionaiy station 
Cana. The entrance to this cavern is formed by the over- 
hanging cliff, and its arched and lofty roof is blackened with 
the smoke and soot of the fires which served for the prepa- 
ration of many a horrible repast. At the further end of the 
cave some rough irregular steps led to a gloomy-looking 
natural gallery, where the victims not required for immediate 
consumption were confined. The cannibals, consisting of 
Betshuana and Kafir tribes, had the less excuse for their bar- 
barity as they inhabit a fine agricultural country, which like- 
wise abounds in game ; but it is said that, having in a time of 
famine been reduced to the horrible extremity of eatiug 
human flesh, they acquired a taste for it, and continued to 
relish it as a delicacy even in times of abundance. Though 
they are now reported to be no longer cannibals, there is 
reason to fear that they have not yet entirely abandoned their 
diabolical way of living, for among the numerous bones 
which strewed the floor of the cavern and had chiefly belonged 
to children and young persons, Mr. Bowker found some that 
could hardly have been there many months. The skull of a 
child which lay before the mouth of the cavern afforded a 
touching example of ^life in death, ^ for a little bulb had 
sprung up from its cavity and covered it with a graceful tuft 
of drooping leaves. 

At the distance of a ten days’ journey from Medina on the 
road of the pilgrim caravans from Damascus, lies the deserted 
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rock-city of tke Tkeimadj where a whole people had hewn their 
dwellings in the black rock^ decorating the entrances with 
smaE columns on both sides, and tracing numerous inscrip- 
tions on the walls. No European traveller has ever visited 
this curious spot, for the Bedouins render the neighbourhood 
insecui'e, and the pilgrims to the holy cities allow no infideh 
to accompany them on their journey. How the subter- 
ranean city came to be deserted is still a secret of the past ; 
but probably its ruin must be traced back as far as the first 
or second century of the Christian era, for Mahomet cites 


it more than once in his Koran as a warning to all true 
believers. According to the legend the prophet Saleh once 
came to Themud to convert the idolatrous inhabitants to tlie 


belief of the one true God. As a proof of his divine mission they 
required a miracle to be performed, upon which the prophet, 
raising his staff, struck the rock, which immediately opened 
and gave passage to a she-camel with its young one. But the 
obdurate pagans, still persisting in their incredulity, killed 
the camel, and the young one would no doubt have shared its 
mother’s fate, if it had not speedily retired into the rock 
whence it^ had come forth. The sacrilegious crime of the 
Themud did not long remain unpunished. A dreadful earth- 
quake destrojed them to the last man, and ever since the 
pl^e IS cursed. When the caravan passes by, the pilgrims 
raise loud shouts and hurry along as fast as they can, fearful 
of their dromedaries becoming shy from the wailings of the 
yomig camel, which is stiU supposed to exist in the rock. 
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TUNNELS. 

Subterranean London — The Mont Cenis Tunnel — Its Length — Ingenious Boring 
Apparatus — The G-rotto of the Pausilippo — The Tomb of Virgil. 

T he most renowned subterranean worts of previous ages 
are generally of a religious cbaracterj as they bave been 
executed to serve either as resting-places for the dead, or as 
temples in which gods or saints were worshipped. Thus the 
rock-tombs of the Egyptian Pharoahs and the sacred grottoes 
of India still bear witness to the feelings which conceived 
and realised the idea of these stupendous excavations. 

Our own times furnish no similar examples of underground 
temples or mausoleums on a scale so grand as to command 
the admiration of posterity. We neither scoop out whole 
mountains nor deeply plunge into the entrails of the earth to 
reverence the dead or to testify our devotion ; our subter- 
ranean labours all bear the stamp of practical utility. But 
never yet has the genius of man executed such wondrous 
excavations as those of the present day; and though the 
purposes for which they are performed may seem common- 
place and prosaic when compared with the ideal aims of the 
unknown artists who planned the Pharaonic rock-tombs, or 
tlie temples of Ellora, yet the boldness of their conception 
entitles them to rank among the grandest architectural 
works, while the difficulty of their execution would have 
appalled the most enterprising engineers of any age. 

Modern London alone has more subterranean wonders to 
boast of than all the capitals of the ancient world. As in 
the human frame numberless vessels and nerves provide 
for the circulation of the blood, and convey telegraphic 
signals through every part, so in the vast body of our 
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metropolis an amazing system of subterranean communica- 
tion carries off the sewerage of its millions of inhabitants, 
provides them with light and water, conveys intelligence 
from one end to the other of its enormous circuit almost with 
the rapidity of thought, transports thousands of travellers 
below the crowded streets, and, not satisfied with all these 
achievements, opens passages under the broad river to which 
it owes its boundless wealth. 

But even the wonders of subterranean London, or of Paris 
— where troops moving underground can march from one 
fortified caserne to the other, so that, in a more literal sense 
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than Pompey, the rulers of Prance can say that they have but 
to stamp upon the ground to make legions start np from the 
soil are surpassed by those which the railroad calls forth in 
its triumphal progress through the world. 

oppe r ir ii!x 

length achieved. The tunnel, whic; pierces"l2;201 nTetr^ 
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or nearly seven miles, of solid rock, opens on tlie Italian side 
at Bardonneche, 1,291 metres (about 4,000 feet) above tbe 
level of tbe sea, and on tbe French side at Modane, at a 
beigbt of 1,163 metres. From each opening tbe tunnel 
gently ascends towards its culminating point in tbe centre 
of tbe mountain, so as to allow tbe waters to drain off on 
either side. Tbe direction of tbe excavations was deter- 
mined by trigonometrical measm-ement, which of course re- 
quired the nicest accuracy, as a deviation of but half a 



EOXllNa MACHINE IN THE SECOND WORKING GALLERY, MONT CENIS TUNNEL. 


centimetre on both sides would amount to no less than 120 
metres m the centre. 

For this purpose a signal was erected on the mountain 
above the culminating pointy or the centre of the tunnel ; and 
opposite to each entrance, in the same longitudinal axis, a 
large theodolite pointed to the above-mentioned signal and 
towards a light in the interior of the tunnel, so that the 
slightest deviatio-n from the requisite direction was rendered 
mathematically impossible. 

The machinei used in the drivage of the tunnel were worked 
by means of compressed air. The comminuted rock produced 


:{40 THE SUBTEBEANEAN 'WORLD. 

during tlie boring was continuously removed by a jet of water 
squirted into tbe bole by tbe macbine a precaution whicb 
was found to be of great economy in tbe wear of tbe 
tools. Under ordinary conditions tbe working speed was 
about 200 strokes per minute, at whicb rate from eight to 
ten boles, of 1-6 inches diameter and 35 inches deep, could- 
be bored in tbe shift of sin hours. 

Tbe tunnel is of an Q section, 13 feet broad and 9| feet ‘ 
high ; eight machines were employed at one time ; they were 
mounted on a wrougbt-iron frame, which travelled on a rail- 
way, and could be removed to a safe distanfee when the 
blasting took place. From 65 to 70 holes were bored in the 
face of the rock, and then loaded with uniform charges, made 
up into cartriges, and primed with, fuses of different lengths, 
so as to explode in groups at definite intervals. A horizontal 
series at about mid height was first fired, then followed two 
vertical side rows, then a group near the crown of the arch, 
and finally a horizontal series near the floor. In this way the 
rock was blown down in nearly uniform fragments of from six 
to eight inches in size. At first, owing to the hardness of 
the quartz-slate which had to be pierced, the work went on 
very slowly; but at a greater depth the mountain was found 
to consist of limestone strata, so that at length it advanced 
about thirteen feet per day. 

The compressed air which set the borers in motion served 
also for the ventilation of the tunnel, as every stroke of the 
piston liberated sufficient pure air to drive back to a con- 
siderable distance from the wortmen the suffocating gases 
produced by the blasting, which otherwise would render 
breathing impossible. Air-pumps placed before the entrance 
finally conducted the fumes of the gunpowder or dynamite 
into the open air. 

When Louis Quatorze, that model of regal pomposity, suc- 
ceeded in placing the crown of Spain on the head of his' 
grandson Philip of Anjou, he bid hinr grandiloquently fare- 
well with the words : ‘ Go, my son ! the Pyrenees no longer 
exist.’ With more truth is our age now able to declare that 
the Alps have ceased to be a barrier between nations. 

There can be no doubt that the Mont Cenis tunnel will 
soon be followed by similar undertakings, soine probably on 
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a still grander scale. The governmerLts of Italy, Switzerland, 
and Germany, liave already decided upon piercing a tunnel 
tlirougli tlie Mount Sfc. Gothard. In winter the trayeller 
will no longer be obliged to wind slowly through the soli- 
tudes of the Schollenen, to cross the Devil’s Bridge, and 
then, after traversing the valley of TJrseren, 4o pursue 
his perilous way up to the summit of the pass, before a 
zigzag descent, along yawning precipices, leads him into the 
sunny vale of the Ticino ; but at Goschenen on the north 
he will plunge at once into the bowels of the mountain, 
and in an hour will suddenly emerge at Airilo into the genial 
south. 

In early spring the change of climate will be almost mira- . 
culous ; on one side winter still reigning supreme, the earth 
covered with deep snow and the cold wind moaning through 
the leafless trees — and then, after a short interval of 
darkness, the rich vegetation of an Italian vale bursting 
forth in all its first luxuriance, birds singing in the chest- 
nut groves, and the green meads enamelled with myriads of 
flowers. 

It is curious to compare these stupendous works with the 
most celebrated tunnel of ancient times — ^the Grotto of the 
Pausilippo, near Naples, which serves as a passage for the 
travellers who intend visiting Puzzuoli, Baise, or Cumse, 
without being obliged to ascend the mountain or to cross the 
bay. It is about a mile long, from thirty to eighty feet high, 
and twenty-eight broad, so as to allow three carriages 
to pass abreast. Twice a year, in February and October, 
the last rays of the sun dart for a few minutes through the 
whole length of the grotto ; at all other times a speck of 
gray uncertain light terminates the long and solemn per- 
spective. The origin of this celebrated grotto is nnknown. 
Some old chroniclers have imagined it as ancient as the 
Trojan war; others attribute it to the mysterious race of the 
Cimmerians. 

The Neapolitans attribute a more modern, though not 
more certain, origin to their famous cavern, and most piously 
believe it to have been formed by the enchantments of 
Virgil, who, as ^ddison very justly observes, is better known 
at Naples in his magical character than as the author of the 



242 the SUBTEHEANEAIf WORLD. 

^ ^neid.’ This strange infatuation most probably arose from 
the fact that the tomb, in which his ashes are supposed to 
have been deposited, is situated above the grotto, and that, 
according to popular tradition, it was guarded by those very 
spirits who assisted in constructing the cave. King Eobert — a 
wise, though far from poetical monarch — conducted his friend- 
Petrarch with great solemnity to the spot, and, pointing* to 
the entrance of the grotto, very gravely asked him whether ' 
he did not adopt the general belief, and conclude that 
this stupendous passage derived its origin from Virgil’s 
powerful incantations. 

^ When I had sat for some time,’ says Beckforcl,* ^ on a 
loose stone immediately beneath the first gloomy arch of the 
grotto, contemplating the dusky avenue, and trying to per- 
suade myself that it was hewn by the Cimmerians, I reti'eated, 
without proceeding any farther, and followed a naiTOAV patli 
-which led me, after some windings and turnings, along the 
brink of the precipice, across a vineyard, to that retired nook 
of the rocks which shelters Virgil’s tomb, most venerably 
mossed over and more than half concealed by bushes and 
vegetation. The clown who conducted me remained aloof at 
an awful distance whilst I sat communing with the manes of 
mj beloved poet, or straggled about the shrubbery which 
hangs directly above the month of the grot. 

^ Advancing to the edge of the rock, I saw crowds of people 
and carriages, diminished by distance, issuing from the 
bosom of the mountain, and disappearing almost as soon as 
discovered in the windings of the road. Clambering high 
above the cavern, I hazarded my neck on the top of one of 
the pines, and looked contemptuously down on the race of 
pigmies that were so hnsily moving to and fro. The sun was 
fiercer than I could have wished, but the sea breezes fanned 
me in my aerial situation, which commanded the grand 
sweep of the bay, varied by convents, palaces, and gardens, 
mixed with huge masses of rock, and crowned by the stately 
buildings of the Carthusians and fortress of St. Elmo. Add 
a glittering bine sea to this perspective, with Caprea rising 
from its bosom, and Vesuvius breathing forth a white column 


♦ Italy. 
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of Binoko into tlie nil Jior, aaid you will tlieii have a scene upon 
which I gav.ed with delight for more than an hour, forget- 
ting tlnit I was perched upon the head of a pine with no- 
thing but a frail branch to uphold me. However^ I descended 
alive, as VirgiPs genii, I am resolved to believe, were my 
protectors/ 
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CHAPTEE XXTTT. 

ON MINES IN GENERAL. 

Perils of the Miner’s Life— Number of Casualties in British and Poreign Coal 
Mines -Life in a Mine— Occurrence of Ores— Extent and depth of Metallic 
Veins — Mines frequently discovered by Chance— The Divining Rod — Experi- 
mental Borings — Stirring Emotions during their Progress— Sinking of Shafts — 
Precautions aga’nst Influx of Water — Expense — Shaft Accidents -Various 
Methods of -working Mineral Substances— Working in Direct and Reverse Ste])s 
— Working by Transverse Attacks — Open Quarry Workings — Pillar and Stall 
System — Long Wall System — Dangerous Extraction of Pillars — Mining Im- 
plements — Blasting-Heroes in Humble Life — Firing in the Mine of Ram- 
melsbeig — Transport of Minerals Underground — Modern ImprovcTnents — 
Various Modes of Descent — Corfs — ^Wonderful Preservation of a Girl at Fahlim 
— The Loop — Safety Cage — ^Man Machines — Timbering and Walling of Galleries 
— Drainage by Adit Levels — Remarkable Adits — The Great Cornish Adit — The 
Georg Stollen in the Hartz — The Ernst August Stoll en — Steam Pumps— Drown- 
ing of Miuhs — I rruption of the Sea into Workington Colliery- -Hubert Goffin 
— Irruption of the River Garnock into a Mine— Ventilation of Mines — Upcast 
Shafts- Fire Damp — Dreadful Explosions — The Safety Lamp— The Choke 
Damp — Conflagrations of Mines — The Burning Hill in Staffordshire. 

F ew metals are found in a native state, nor are they 
commonly scattered in loose masses, nuggets, grains, 
or scales, over the surface of the earth. Hence the seeker’s 
trouble is by no means confined to the task of gathering these 
masses, or of separating them by washing from the alluvial 
sand or gravel with which they are mixed ; much more fre- 
quently they are chemically combined with other substances, 
from which a far advanced state of science is alone able to 
separate them, or deeply imbedded in subterranean mines, 
often so difficult of access as to tax for their working all the 
energies of man and all the resources of his metallurgic skill. 
The labours of the miner require indeed no less courage and 
presence of mind than those of the mariner. He no more 
knows whether he shall ever return from the pit into which 
he descends in the morning for his hard day’s work than the 
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sailor knows wlietUer he shall ever revisit the port which he 
is leaving. He is perpetually at war with fire and earth, 
with air and water ; and this eternal strife levies a no less 
heavy tribute of death and suffering than the storms of the 
raging seas. 

In the year 1867, 1,190 persons perished in our 3,192 col- 
lieries, wlii^li employ a total of 333,116 workmen. Of these, 
286 were killed by explosions; 449 by falls of rock; 211 by 
other subterranean causes ; 156 in the shafts ; and 88 above 
ground. In the same year, 293 lives were lost in the Prussian 
collieries, where 102,773 workmen find employment. ' Of 
these, 89 perished by fire-damp ; 106 by fall of roof; 65 in 
shafts ; 74 by casualties under ground ; and 9 by casualties 
above ground. Those melancholy lists may give us some idea 
of the number of serious but non-fatal accidents which are 
not mentioned in tlie official accounts. Every visitor to a 
coal-mine will meet with many pit lads who have been 
Mamed’ (or injured) several times in a few years, and who 
reckon events by the mournful chronology of their various 
^ himings.’ Collieries, as will be seen in the sequel, are in- 
deed peculiarly liable to frightful accidents ; yet the number 
of lives lost iu the insx3ected ironstone mines of Great Britain, 
in 1866, auiouuted to 81. Extending our view to the mines 
ol Austria and liussia, of Prance and Belgium, of Mexico and 
Pera, &c., &c., where the same dangers cause, no doubt, an 
equal amount of death or suffering, we may justly conclude 
that not a day, probably not an hour, passes that does not 
doom more tliau one miner to an untimely grave or to per- 
manent mutilation. 

But if mining is attended with a lamentable amount of 
individual suffering, the benefits derived from it by mankind 
in general are so important that the whole fabric of modern 
civilisation may be said to rest upon its basig. 

Coal and the useful metals rule the world. Wherever they 
occur in large masses they establish the prosperity of a 
people on the surest foundations ; and England is in a great 
measure indebted for her high station among the nations of 
the earth to the treasures hidden beneath her soil. 

A large mine displays unquestionably some of the most 
interesting scenes of human activity. ’ The restless industry 
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pervading its subterranean caves and galleries impress's tlie 
visitor witb feelings of wonder akin to those which he ex- 
periences when he first sets foot on a man-of-war ; and ‘\f he 
feels giddy on seeing the sailor climb the loftiest masts, the 
sight of the yawning abyss into which the miner undauntedly 
descends seems terrible to his unaccustomed eye ; and as he 
penetrates further and further into the recesses of this 
unknown world, his sensations are not rendered more 
agreeable. 

The intricate passages branching out into a mysterious 
distance ; the vaults and high halls faintly illumined here and 
there by a glimmering lamp ; the dark forms emerging every 
now and then from some obscure recess, and then again 
plunging into night, like demon shades ; the clanking of 
hammers, the rushing of waters, the creaking of wheels, the 
monotonous sound of machinery, or the loud explosion which, 
repeated by subterranean echoes, rolls like muttering thunder 
from vault to vault 5 the oppressive air in the low galleries, 
through which he can only move in a stooping position ; 
the fear of being crushed any moment by a falling rock, or 
shivered to atoms by fire-damp combustion — all combine to 
produce an impression which can seldom be made by any 
scenes above ground. 


The adniiration which this imposing spectacle necessarily 
caUs forth in his mind increases when he reflects how much 
skill and experience was required, and how many improve- 
ments and inventions had to be made, before mining could 
be brought to its present state of perfection. 

Ores sometimes occur, like coal, in layers or beds, nmnino* 
parallel with the strata of the inclosing rocks, or in pro- 
digious irregular masses. Most commonly, however, they 
are found in veins traversing the rocks in every conceivable 
direction and filling the crevices and chasms which former 
terrestrial revolutions have rent in the hard stone. From the 
wi d and ritanic powers that have here been at work, it may 
easily be imagined how irregular the direction of these veins 
mus . le, and under how many various forms they must appear. 
Hei e they are horizontal, there vertical ; here they form thin 
ayers there they Bll chasms several hundred feet thick 
Sometimes they split into several minor branches, or make 



DEPTH OP MINES. 


247 


abrupt bends ; and frequently tliey have been rent, torn, or 
displaced in every possible manner by subsequent revolutions. 

Their length is as various as their thickness or their direc- 
tion. Some are short, while others traverse the rocks to a 
distance of many miles. Thus the argentiferous veins in the 
neighbourhood of Clansthal, in the Hartz, are three Jeagues 
long ; and the famous Veta Madre, or chief lode ofGuanaxuato 
in Mexico, has been traced for a length of eight miles. 

With regard to depth, the lower extremity of hardly a 
single mineral bed or vein of any note has as yet been pointed 
out, though many have been worked to a considerable depth. 
Thus, one of the pits of St. Andreasberg, in the Hartz, is 2,485 
feet deep, though, on account of its high situation in the 
mountains, not much more than 280 feet below the surface 
of the sea ; while, in the coal mines of Valenciennes and Liege, 
the deepest shafts are sunk from 1,800 to 1,600 feet below 
the level of the ocean. The shaft of the colliery of Sacree 
Madame, near Charleroi, is 800 yards deep, and that of 
llukinfield Colliery 2,050 feet. 

The great difficulty of carrying on mining operations at 
great depths will, probably, for ever prevent most metallife- 
rous veins from being followed to their origin in the bowels 
of the earth ; for while on high mountains the rarefaztion of 
the atmosphere prevents respiration, the increasing pressure 
or impurity of the air at a depth of four or five thousand feet 
below the level of the sea must necessarily hinder the free 
expansion of the lungs. The weakness of our organisation 
soon sets limits to our progress, whether we wish to rise into 
the air or to penetrate into the interior of the earth ; and it 
is only on spiritual wings that we soar aloft to the stars, or 
wander through the mysterious depths of our planet. 

How have the ores been collected or precipitated in the 
veins or strata where they are often found in such enormous 
quantities ? Partly they ascended as vapour from^ unknown 
depths, and then were condensed in the crevices, mixing with 
the gangne or the stones which filled the volcanic chasms ; and 
partly their solutions, of which the mineral springs of the 
present day afford us so many examples, permeated the porous 
rocks, and saturated them on cooling, or were forced to rehii- 
nuish their valuable contents by some more powerful chemical 
^ E 4 
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affinity. Thus, numberless years before man appeared upon 
the stage of bis future empire, tbe means were provided 
without which it would never have been possible for him to 
establish his dominion over the earth, and to make himself 
master of the treasures it bears on its surface. 

When we consider the frequent upheavings and subsidences 
of the earth-rind and the denuding power of water, which, 
in the long series of ages, cuts deep ravines into the moun- 
tains and washes away whole strata, we cannot wonder that 
many metalliferous veins emerge or crop out on the surface 
of the earth, so that a fortunate chance sufficed for their 
discovery. Thus, a poor Indian looking for wood first found 
the rich deposits of silver that so long had been buried in 
obscurity under the sterile soil of Copiapo in Chili (1632). 
Partridges, in whose stomachs grains of gold were found, are 
said to have led to the discovery of the rich mines of Krem- 
nitz and Schemnitz in Hungary; and Eamm, a huntsman 
of the emperor Otho the Great, having bound his horse to a 
tree in a forest near Goslar in the Hartz Mountains, the fretful 
steed, stamping with impatience and tearing up the soil, 
pointed out the celebrated lode of the Eammelsberg, which is 
worked to the present day. 

But if in these and similar instances the treasures of the 
subterranean world have revealed themselves spontaneously 
to man, in many other cases laborious and costly investi- 
gations have been found necessary for their discovery. 

As civilisation advanced, and bhe value of the metals, of 
coal and salt, came to be more and more appreciated, nothing 
could be more natural than the desire of no longer relying 
upon the discoveries of ghance or upon the mines bequeathed 
by former ages but of sounding the mysterious recesses of 
the earth, and forcing her, by dint of patient exploration, to 
reveal the riches she conceals under her surface. 

Thus, as far back as the eleventh century, the divining rod 
came into practice, and found full credence in a superstitious 
age. A forked branch of the hazel-tree, cut during a peculiar 
phase of the moon, was the means employed in Germany for 
the discovery of buried treasures, of veins of metal, of deposits 
of salts, or of subterranean sources. But the miraculous rod 
did not indiscriminately show its powers in every hand ; it 
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was necessary to have been born in certain months^ and soft 
and warm — or, according to the modern expression, — 
•fingers were indispensable for handling it with eJBPect. The 
diviner possessing these necessary qualifications took hold of 
the rod by its branches so that the stem into which they 
united was directed upwards. On approaching the spot 
where the sought-for treasure lay concealed, the magical 
rod slowly turned towards it, until finally the stem had fully 
changed its position and pointed vertically downwards. To 
increase the solemnity of the scene, the wily conjurers gene- 
rally traced magical circles that were not to be passed, burnt 
strong-smelling herbs and spices, and uttered powerful charms 
to disarm the enmity of the evil spirits that were supposed 
to guard the hidden treasures. 

At present, the divining-rod has lost its old reputation, 
and more rational means are employed for the discovery of 
mineral wealth. Eelying on experience, tact, and geological 
knowledge, the investigator carefully examines the country 
where ores or coal are supposed to be concealed ; and having* 
fixed upon an appropriate spot, has recourse either to experi- 
mental digging or to boring for testing the truth of his 
opinion. These expensive explorations, though often un- 
successful, frequently prove highly remunerative ; and many 
a saline spring, or coal seam, or metallic vein would, without 
their assistance, have remained unknown and unproductive. 

The Prussian Government annually devotes a sum of 
40,000 dollars to boring expeiuments, and has no reason to 
regret the outlay. To these it is indebted among others for 
the discovery of the saline springs of Eehme in Westphalia, 
now the resort of thousands of patients, and of the rock-salt 
beds of Speerenberg and Segeberg,* which will amply repay 
the loss of capital and labour incurred by other unsuccessful 
borings. It would be well if all governments paid the same 
attention to the development of subterranean wealth- 

Boring through hard stone is necessarily a very tedious 
work, but as it proceeds it awakens not only in those who are 
directly interested in its success, hut in every intelligent wit- 
ness, all the stirring emotions of a game of chance. ^ Of all 
branches of business,’ says Williams — a thoroughly devoted 

♦ See p. 439. 
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miner — ^ of all tlie experiments that a man of sensibility can be 
engaged in or attend to, there is, peidiaps, none so amusing, 
so engaging and delightful, as a successful trial upon the 
vestigia, or appearances, of a seam of coal, or other mineral 
discoveries. When yoxi are attending the people who are 
digging down or forward upon the vestige of the coal, and 
the indications are increasing and still growing better under 
3-our eye, the spirit of curiosity and attention is awakened, 
and all the powers of expectation are elevated in pleasing 
hopes of success. And when your wishes are at length 
actually fulfilled -—when you have discovered a good coal of 
sufficient thickness, and all circumstances are favourable, the 
heart then triuini>hs with solid and satisfactory joy.’ ^ 

In a country abounding in mineral wealth like Great 
Britain, where vast treasures, whose discovery holds out the 
most brilliant prospects to avarice, are still hidden under the 
ground, and the restless spirit of enterprise is continually 
seeking for new sources of profit, it may naturally be sup- 
posed that searches for coal seams or veins of metallic ore 
must be frequently undertaken. Thus in all our mining 
districts there are professional master-borers, who engage 
for a fixed price to diull the hardest rock to any depth that 
may be required.f Their chief implements are boring- 
rods, made of the best and most tenacious Swedish iron 5 
chisels fitted with screws, tipped with good steel, with a 
face of two and a half to three and a quarter inches, and 
generally eighteen inches in length ; and a wimble, whicli 
is a hollow iron instrument like an auger, whose cavity is 
from six to ten inches in length, with an opening up at one 
side, with partial overlap, the better to receive and hold the 
chopped strata. 

When the bore is intended to penetrate to a considerable 
depth, a lofty triangle of wood is set above the bore-hole. 
In boring, the lowermost rod is the chisel, which continually 

* ‘ Our Coal a.nd our Coal Pits, By a Travellor Undorground/ p. 94. 

t A great iuiprovemeiit has of late years Been offocted in rock-boring by the 
introduction of a borer, armed with black diamonds, which ads by rotation aud 
constant pressure. A two-iuch borer of this description perforates granite and 
sandstone at the rate of from two to four inches per minute. The hardness of the 
bhek diamond is double that of quartz, aud it will perforate alTout a mile of sand- 
stone without being worn out. 
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operates on the rock or stratum. The uppermost rod teniii- 
nates in a stout ring, through which passes a cross-piece held 
by two men in working, and which is also suspended to a 
springing pole by a chain. One or more rods being pushed 
into the ground, two men on a wooden stage take hold of a 
cross stave at the end of the springing pole and work it 
steadily np and down, while two men below, by means of 
the cross-piece, at the same time heave the suspended I'ods a 
few indies, and then allow them to fall by their own weight, 
walking slowly round the hole. By these combined opera- 
tions of chopping and scooping the workmen make slow but 
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sure way tlirough whatever substance may be in eoyact with 
Z cW. When the bole is too deep, and the added rods 
become too heavy to be conveniently lifted by 
‘1 brake or lever, or a borse-gin or steam-engine, is employed. 
As the borin- proceeds, it is also frequently necessarj to 

tt.e hole We. ^ th, Mhng of 

fagmonta from the asoertained, its 

ceriung Its extent excavation, the buried mmeral, 

“> Cpose TorticeJ pite OI shaft, a.ast he su.* 

“d SAtS (^lleries-or, as they ave sometimes clktl. 
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levels — must be driven, 
to prepare tlie way for 
its convenient extrac- 
tion, and at tbe same 
time to carry off, so far 
as may be, tbe water' 
wbicb. either rises into , 
tbe mine from springs, 
or drains into it from 
tbe surrounding strata. 
Some idea may be formed 
of tbe extent of these 
works in many of tbe 
more considerable mines, 
when we learn that tbe 
total amount of sinking 
in tbe Consolidated 
Mines in Cornwall is 
stated to amount to 
more than twelve miles 
of perpendicular depth 
(including, of course, 
tbe winzes or under- 
ground shafts), and that 
tbe horizontal galleries 
extend to as much as 
forty miles in length. A 
mine like this is, in fact, 
a large subterranean 
town, with numerous 
lanes and avenues, pas- 
sages and thoroughfares. 

In sinking a shaft, 
danger is to be appre- 
hended both from the 
falling in of loose and 
incoherent strata, and 
from the -lateral springs, 
which sometimes empty 
themselves into the 
workings to an extent 
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wliicTi it would at first appear hopeless to conteud against. 
In such cases there is no safety to be obtained without 
walling the shaft with brick or stone, or securing it by 
timber or metal tubbing. Por this purpose many of our 
coal-pits were formerly lined throughout with three-inch 
boards, nailed to a circular wooden framework called a crib, 
which was firmly attached to the sides of the pit at con- 
venient distances. But this method, although it has 
been known to keep out a pressure of water equal to 
100 pounds on the square inch, is not considered so safe 
as the metal tubbing now adopted in all difficult works. 
In comparatively solid ground the cast-iron tubs are 
forced down tbe shaft, bnt in soft ground they sink by 
their own weight. As they descend, fresh tubs are added, 
until the work is finished. When we consider that, in 
the coal-pits in the north of England, many shafts have a 
diameter of as much as fifteen feet, that in some cases they 
are sunk to a depth of nearly 800 fathoms, and that, 
under the most favourable circumstances, even where tub- 
bing is not required to guard against the influx of springs, 
it is necessary to line almost the whole of the interior with 
bricks, to prevent the loose strata from falling or being 
washed in, we cannot wonder that as much as 10O,00OL 
and ten years of labour have, in some cases, been ex- 
pended before ihe seam of coal has been reached that was to 
repay all this vast ontlay of capital and time. Unsightly 
and filthy as snch a shaft may he, it is in reality a great 
triumph of architectural skill. 

In most of our collieries one shaft serves for winding np 
the coal, for the passage of the men np and down, for venti- 
lation, and for drainage by means of tbe engine-pumps. To 
answer these various purposes it is subdivided or bratticed by 
brick or wooden partitions into two, three, or four compart- 
ments ; bnt this arrangement is very defective, for the safety 
of the workmen requires that in every large coal-pit, and 
indeed in every mine, there should be at least two separate 
shafts. When the partitions of the single shaft become 
injured or burnt, which has not unfrequently been the 
case, the ventilation of the pit may suddenly be deranged, 
and many liv^ ha ve thus been endangered. The obstruc- 
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fcion of a sliafb by tbe breakage of an engine bas cansecl 
some of tbe most appalling tragedies in mining bistory. 
On January 10, 1862, tbe beam of tbe pumping-ongine 
broke at tbe Hartley Colliery in the Newcastle coalfield, 
and striking, like a huge catapult, with its enormous 
weight of forty tons, against the sides of tbe shaft as it 
descended, accumulated an enormous mass of rubbish and 
broken timbers at tbe depth of 138 yards from the surfac-e. 
Two hundred and four colliers were thus sb^it out from all 
hope of rescue, for no exertion could possibly remove, in time 
.enough to save them, the vast pile of ruins that obstructed 
their escape to the upper world. 


The methods of working, winning, or excavating mineral 
substances naturally vary, according to the magnitude ami 
direction of the beds, lodes, or seams in which they a, re 
contained. With a vein of moderate width, as soon a.s 
the preparatory labours have brought the Jiiiiuirs to the 
point of tbe vein from which the ulterior world iigs a, re to 
ramify, the first object is to divide the mass of ore into solid 
rectangular compartments by means of oblong galUirlc'S, 
generally pierced ten fathoms below one anotlu'i', with pits 
of communication opened np, thirty, forty, or lii'ty yards 
asunder, which follow the slope of the vein. Those gallorit's 
and shafts are usually of the same breadth as the vein, 
unless when it is very narrow, in which case it is nee(i.s-- 
sary to cut out a portion of the roof or the floor. Such 
workings serve at once the purposes of mining, by afford- 
ing a portion of ore, and for the complete investigation of 
the nature and riches of the vein, a certain extent of which 
IS thus prepared before removing tbe cubical maascs. It is 
proper to advance first of all in this manner to tbe groai^'st 
distance from tbe central point which can be mined wi(b 
economy, and afterwards to remove the rectangular blocks 
in working back to that point. This latter operation may 
be carried on in two different ways, by attacking the ore 
from above or from below. In either case the excavations 
are disposed m steps, similar to a stair, upon their upia.'r 

in diJ/or 


a, WUl'K 

escendmg steps; tbe second a working in revcr.s(' or 
ascending steps. By this method a number* of miners 


are 
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sirndtoneo^l, ,itw interfebg 


In noh lodea and m the caae of thick nmssee, the svetem 
of worhng ,n laage ohambce eztensioe ctcavatioL 
by tanevme attacks, ,s employed. Saperficial deposits Je 

-worked like open quarries. ^ 


In British practice, coal is generally worked on the post 
(or pillar and stall) system, or on the long-wall system 
The pillar and stall principle is carried out in the workino- 



PART OP A COLLIERY LAID OUT IN FOUR PANELS. 


A. Engine shaft: divided into throe com- 
parenaents, an engine pit and two coal 
pits 

B, 0. Dip head level 

A, E. The rise or crop gallery. 

Iv, K. Panel walls. 


G-. Two panels completed as to the first 
work. 

D. Panel, with the rooms a a in regular 
progress to the rise. 

H. Panel fully worked out. 


away of a certain portion of the coal as a first measure^ and 
in leaving the remainder in pillars, which are either to 
serve permanently for the support of the roof, or to be at 
some future time partially or totally removed. In the 
North of England, where this system has been brought to per- 
fection, it is also named panel-work, because the whole area 
is divided into (Quadrangular panels, each panel containing an 
area of from eight to twelve acres, and round each panel is 
at first left a solid wall of coal of from fortji to fifty yards 
thick. Through the panel walls roads and air-courses are 
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driVon in order to work tjhe coal coiitaijicd witliiu tlioso 
Amlls. Tlius all the jDanels are connected together -with the 
shaft as to roads and ventilation, and each district or panel 
has a particular name, so that any circumstance relating to 
the details of the colliery can be readily referred to a speci- 
fied place.. 

By this plan, of which the above illastration gives a 
distinct idea, the pillars of a panel may be worked out at 
any time most suitable for the economy of the mine, and ilu^ 
loss of coal amounts to no more than about a tenth, instea.d 
of a third or a half by the old methods. 

When the pillars of a panel are to be worked out, the 
most distant range is first attacked, and as tlio workmcm evil; 
away the furthest pillars, props of wood are pla-ced betwoeu 
the pavement and the roof, within a few feet of each otlu‘r, 
as shown by the dots at i. This is continued iiW an area of 
one hundred square yards is cleared of pillars. This operaiaon 
is termed ^ working the goafJ The only use of iluA prop-wood 
is to prevent the stratum which forms the ceiling over ihe 
workmen’s heads from falling down and killing tlnuu by its 
splintery fragments. Experience has proved that before 
proceeding to take away another set of pillars, it is ntH*eHsary 
to allow the last made goaf to fall. The workimni tlum 
begin to draw out the props. This is a most hazardons 
employment. Knocking down the more remote props oiuj 
after another, they quickly retreat under the proteeiion of 
the remaining props. Meanwhile the roof stratum begins 
to break by the sides of the pillars and falls down in im- 


mense pieces; while the workmen still persevtin^, boldly 
drawing and retreating till every prop is removtaL Nay, 
should any props be so firmly fixed by the top pivssure that 
they will not give way to the blows of heavy mauls, they 
cut through with axes, the workmen making it a point of 
honour to leave not a single prop in the godf If any props 
are left, it causes an irregular subsidence of the Ht.ra.ta., and 
throws more pressure on the adjacent pillars. The mimn‘S 
next proceed to cut away tie pillars nearest to i,ho sides of 

tien drawing, it, and retreating, 
as before nntil erery panel is removed excepting simUI 
portions of pillars which require to be left under thiLorom 
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stones^ to protect the retreat of the ■workmen. While this 
operation is going forward and the goaf extending, the 
snpermcumbent strata, being explised withont support over a 
larger area, break progressively higher np ; and when strong 
beds of sandstone are thus giving way, the noise of the rend- 
ing rocks is very peculiar and terrific ; at one time loud and 
sharp, at another hollow and deep. As the pillars of the 
panels ai'e removed, the panel walls are also worked 
progressively backwards to the pit bottom, so that only a 
small portion of the coal is eventually lost. 

When mines are fully Avorked, the main shaft is fre- 
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qixently eontinned down to other seams of coal, which are 
excavated in the same way as the first seam. In sxxch cases 
the workinf^s cominunioate with each other by shafts called 
‘ sta,ples/ which arc sunk at intervals between the seams of 
coal. 

The ixrinciple of long-wall working (Shropshire and Derby- 
shire method) is the extraction of all the available coal by 
the single process of first working, maintaining the roads 
by means of stdne-walls or wooden props. This system is 
applicable with advantage only to thin seams which lie near 

B ■ 
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to the surface, and in which the workings may be of a very 
limited extent. 

According to the various^ hardness of the minerals or of 
the rocks in which they are embedded, different means and 
implements for dividing the masses are employed. In loose 
earth, sand,- and clay, shovels and scrapers suffice ; in gyp- ' 
sum, coal, and rock-salt, the pick becomes necessary; in 
many hard slates gads must be driven into the small open- 
ings made with the point of the pick. In still harder stones, 
forming the great majority of those which occur in veins 
and strata, recourse must be had to the explosive power of 
gunpowder, which is also largely employed in our coal- 



TOOLS USED BY ifINERS IN CORNWALL. 

a. Pick. 5. Oca. c. Shorel. Mallet, e. Borer. /. Claytog-bar. g. Needle or naU. 
h. Scraper, i. Tamping-bar. 


mines. Tiie tools used for this purpose are the horer, an 
mon bar tipped with steel, formed like a thick chisel, which 
IS held hy one man straight in the hole with constant 
rotation on its axis, while another strikes the head of it with 
the iron sledge or maUet; the scraper, for clearing out the 
hole from time to time; the claying-bar, a tapering iron 
rod, which, after the introduction of some tenacious clay into 
the cavity, is forced into it with great violence, and, con- 
densing the cl^ay into all the crevices of the rock, secures the 
dryness of the hole; and the nail, a small taper rod of 
copper which, after the charge has been introduced is 
mserted to reach the bottom of the hole, which is now ready 
for tamping. For this purpose, any soft species of rock 
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free from flinty particles, wMcL. might provoke a premature 
explosion, is introduced in small quantities at a time, and 
rammed very hard by the tamping-bar, v^hich is held 
steadily by one man and struck with a sledge by another. 
The hole being thus filled, the nail is withdrawn by putting 
a bar through its eye and striking it upwards. Thus a small 
perforation or vent is left for the safety fuse, a woven 
cylinder containing gunpowder, and protected by a coating 
of tar. The fire being applied, the men retire to a safe 
distance. 

Often, in order to lose as little time as possible, a number 
of shots are fired together, so that the explosions, pouring 
out their tongues of flame in rapid succession, and awakening 
the subterranean echoes far and wide, afford a highly in- 
teresting spectacle. But woe to the miner if he be too hasty 
to return to his post, for it often happens that a treacherous 
shot goes off several minutes after being lighted, and, ex- 
ploding in the face of the imprudent workman, disfigures 
him for life, or kills him on the spot. 

Accidents in blasting arise also from other causes, such 
as a negligent handling of the powder while preparing 
the charge, or some delay in retiring after the fuse has 
been kindled. It was an incident of the latter kind which 
some years back called forth the following instance of 
heroism. 

‘ In a certain Cornish mine,’ says Thomas Carlyle,* ‘ two 
miners, deep down in the shaft, were engaged in putting 
in a shot for blasting; they had completed their affair, 
and were about to give the signal for being hoisted up. 
One at a time was all their coadjutor at the top could 
manage, and the second was to kindle the match and then 
mount with all speed. Now it chanced, while they were 
still below, one of them thought the match too long, tried 
to break it shorter, took a couple of stones, a flat and a 
sharp, to cut it shorter, did cut it off the due length, but, 
horrible to relate, kindled it at the same time, and both 
were still below. Both shouted vehemently to the coadjutor 
at the windlass, both sprang at the basket; the windlass-man 


* ^ Life of Sterling,’ p. 278 . 
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could not move it with them botli. Hero was a moment for 
poor miner Jack and miner Will! Instant horrible death 
hangs over both, when Will generously resigns himself. 
^*^60 aloft, Jack, and sit down. Away! In one minute I 
shall be in heaven ! Jack bounds aloft, the explosion 
instantly follows, braises his face as he looks over; he is 
safe above ground; and poor Will? Descending eagerly, 
they find poor Will, too, as if by miracle, buried under rocks 
which had arched themselves over him, and little injured ; 
he too is brought up safe; and all ends joyfully, say the 
newspapers, which have duly specified the event. 

Such a piece of manly promptitude and salutary human 
heroism was worth investigating. It was investigated and 
found to be accurate to the letter, with this addition and 
explanation, that Will Verran — an honest, iginmant, good 
man, entirely given up to Methodism — -had been perfect in 
the faith of assurance ; ” certain that he should get to 
heaven if he died, certain that Jack Eoberis would noti 
which had been the ground of his de 8 cisn)n in that great 
moment; for the rest, that he much wished to learn reading 
and writing, and find some way of life above ground itistead 
of below. By the aid of the Misses Ifox and the rest of that 
family, a subscription (modest A'wii-Hudson Testitnonial) 
was raised for this Methodist hero ; ho emerged into day- 
light with fifty pounds in his pocket ; did strenuously tiy, for 
certain months, to learn reading and writing; found he 
could not learn those arts, or either of them; took his 
money and bought cows with it, wedding at the same time 
some likely milk-maid.’ 

Several attempts have recently been made to diminish 
the dangers of blasting, by substituting gun-cotton or 
nitro-glycerine for gunpowder, or by firing cliarges by 
means of the electric battery, but hitherto without much 
success. 

An enormous quantity of gunpowder is consumed for blast- 
ing in many of the larger mines. In 1880, 61,000 pounds 
were nsed in the Consolidated Mines in Cornwall, and 90,100 
pounds in the Fowey Consolidated Copper Mines. The total 
amount of gunpowder consumed in the Cornish and Devonian 
mines in the year 1837 reached 800 tons, which cost 18,200i. 



MODES OF LOOSENING STONES IN MINES. 


261 


This one item maj serve to give some idea of the enormous 
working expenses of a large mining concern. 

Sometimes the rock is so tenacious as to render boring too 
tedious and expensive an operation, and fire becomes necessary 
for subduing the solidity of the stone. In this manner the 
ancient mine of Eammelsberg, near Groslar, is forced to yield 
its treasures, and whole forests are anually consumed in 
order to loosen the hornstone and indestructible spar of its 
metalliferous veins. Every Saturday morning the fire is 
applied to the numerous piles of billets and faggots that have 
been distributed throughout the course of the week. Those 
in the upper floors of exploitation are first burned, in order 
that the inferior piles may not obstruct by their vitiated air 
the combustion of the former. Thus at four o^clock in the 
niorning the fires are kindled in the upper ranges, and then 
from pile to pile the firemen descend towards the lower floor, 
which occupies them till three o’clock in the afternoon. The 
vaults of Rammelsherg now aftbrd a truly magnificent spec- 
tacle. The rising fiames, flickering against the walls of the 
vaults and a.scencling in broad sheets towards their roof: the 
dense clouds of smoke rolling towards the air- vents; the 
crackling of the wood; the loud detonations of the stones 
rent by the C'xpansivc force of heat from the primitive rock; 
the lurid glare of the conflagration; the naked workmen 
with tludr mighty stirring^poles, flitting like dark spirits 
before the blazing pile ; the intense heat, and the air loaded 
to suffocation with sulphurous fumes — all combine to pro- 
duce*. a, picture worthy of Dante’s ^ Inferno.’ During the 
Sunday the noxious vapours engendered by the conflagration 
Imvo time to disperse; and on the Monday morning the 
workuum <lcdach,, with long forks of iron, the ores that have 
been looseiie<l by the flames. 

The ori', bcuug extracted from its bed, it becomes neces- 
sary to bring it to the light of day, an operation which is 
of course of the greatest importance, and not seldom re- 
quires the aid of complicated machinery, particularly in 
<*oal mines, where large masses have to be conveyed as 
(H^onomically and speedily as possible to the upper world. 
A. great inq)j<)VOineut has been effected of late years in. the 
facility of transporting minerals underground, by the intro- 
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ductioB of small tramroads, and the saving of expense tlnis 
effected sometimes amonnts to one-lialf the former cost. 
Many of our larger mines are provided with miles of tins 
subterranean railroad, and the advantage is greater beea,tiso 
for the most part there is a slight descent from the workings 
to the bottom of the shaft, to allow of a more complete 
system of drainage than conld otherwise be attained. But 
frequently where the galleries are low, narrow, and crooked, 
the carriage is still effected by means of sledges, baiTows, or 
little waggons, which are with difficulty dragged or pushed 
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abng, over planks or uneven a^^d tnuddy roads; and 8(.me- 
times even the interior transport of the ore is execnitod on 
the backs of men-amost disadvantageous practice, which is 
gradually wearing out. 

“ol salt mines of Great 

•t, St J Moor-Pom-s havo lonjj 

~ mtioduced mlo the workings, to dreg heavier wag. 

re’oL!a“° *“ "“'-"Mtlier. In 

me cases these animals are brought to tlio surface at stated 
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intervals, bnt generally when once let down tlie pit they for 
ever bid adieu to the light of day. Strange to say, this un- 
natural mode of existence, which would soon Tinderniine the 
health of man, agrees admirably well with that of the 
horses, of whom the greatest care is taken, as their useful 
services are duly appreciated by their owners. They are 
abundantly fed with hay and oats of the best quality ; their 
stalls are large and well ventilated ; and as they labour in a 
mild and equable temperature, they remain free from many 
complaints to which horses are liable. Their good condition 
and sleek shining coats prove that they have no sentimental 
longing for green fields or the bright sunshine. 

In a few of the largest collieries it has been found admn- 
tageous to establish underground stationary engines, which 
bring the trains of waggons, by means of an endless rope, along 
the galleries to the bottom of the shaft. In other mines, such 
as those of Worsley in Lancashire, subterranean canals are 
cut, upon which the mineral is transported in boats. 

In the European mines the ores are usually lifted from the 
bottom of the shaft to the surface by means of steam power, or 
horse-gins ; but in Spanish America, men, and even women, 
are employed for this purpose. The steep ladders, which they 
ascend with heavy weights upon their backs, consist merely 
of the thick trunks of fir-trees, into which, at intervals of 
every ten or eleven inches, deei) notches have been cut ; but 
these rude steps are mounted with perfect security and ease 
by the sure-footed Indians. 

In many European mines, where the workmen are let down 
or raised by means of ropes, wire cables, or chains, they some- 
times^ sit on transverse round pieces of wood or in a kind of 
chair, consisting of two strong leather belts, one of which serves 
as a seat, and the other for supporting the back. In Wie- 
litzka ten of these chairs are attached to the cable at distances 
of seven or eight feet one from another. The persons seated 
in the uppermost and lowest chairs direct the descent, and 
take great care to prevent the conveyance grazing against 
the sides of the shaft, for were it to be hooked fast by a nail 
or any other projection, a fall of several hundred feet would 
be the almost inevitable and fatal consequence. The old 
method of descending into a colliery was by a corf or strong 
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basket, hooted on by a chain to the rope that Imiig down tiui 
shaft. Stepping into this, the nieu would swing down the 
dark liollow, gaily and readily, bnt not always saf'tdy. 

Thns, in the year 1835, in a colliery ntair Lieg(', seven 
workmen were already seated in a corf that was about to 
descend into, the shaft, when one of their c.umradc's, anxious 
to seize the opportunity, came hunying along, ainl, in spite 
of all remonstrances, jumped into it; but the rt>pe, unable to 
bear the shock and the increased weight, suddenly 8na}n»ed, 
and all eight were precipitated into th<^ ahyss, from which 
not one of them canu) forth alive. 

In the Swedish mines small barivls or t.nns are generally- 
used as vehicles of descent, and the workunni are uneoin- 
monly dexterous in preventing tlnur litth^ aerial skiff from 
striking againt the rugged rock-walls, when it would run 
the danger of being wreclaal. Woimm, and even children, 
who find occupation in the mines, are ofinn seen standing on 
the narrow edge of one of these swinging, turning, or oscilla- 
ting tuns, with an arm slung round the ntpt^; a.nd such is 
the power of habit that they will (pii('tly knit where oven a 
stout-nerved man would he a,ppalled by tlui frowning cliffs 
above or the black ahyss below. 

In the year ] 785 a girl, descending alone into the pit of 
Fahlun, and unable to direct the tun, could not prevemt it 
from striking against a rock. Jerked out of her conveyance 
by the violence of the shock, she lell upon a narrow ledge, 
about one hundred feet from the bottom ot the pit, to which 
she clung with all the energy of despair. Her position wiis 
indeed ten-ific, tor the least motion would have pri‘ci[)itatc<l 
her into the dark grave which seemed to yawn for her recep- 
tion, and to have given her hut a momentary respite in <n-dcr 
to make her feel more bitterly the pangs of approaching (h'al h. 
Already her strength was giving way, alrtauly a cloud swam 
before her eyes, when some bold miners, wmturing th.ur own 
lives m the hazardous undertaking, succcalcd in rescuing 
er from her awful position, and snatching hm- as it wm-o 
from the very jaws of death. 

Another method much adopted, and preferred by the pit- 
man m our collieries, was passing down and in the loop. 
The pitman inserted one leg into a loop formed by curviim 
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the terminal chain and hooting it back upon an upper lint, 
and then twined his arm tightly round the rope above. In 
this way he descended through any depth, and, as he alleged, 
with greater safety than in a bucket, out of which he might 
be ejected, while nothing except the breaking of the rope 
could harm him in loop. 

^ At present the safety-cage is generally used. This is 
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simiDly a vertical railway carriage running up and dow upon 
guides, and thereby introducing into tbe shaft the improve- 
ments of the iron road. Into one of its square, narrow, com- 
partments two or three men crouch together, others get into 
an upper compartment, and down the cage moves easily and 
safely, the men needing only to take care that hands or 
fingers do not hang beyond the edge, while four or five 
minutes of e2!sy motion carry them down a thousand or 
fifteen hundred feet below the surface of the earth. 
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In many mines tlie workmen climb np and down tbe shafts 
on fixed ladders, with landing stages for resting ; and it may 
easily be imagined how severely their strength must be taxed 
when, after their hard day’s labour, they have still to ascend 
step by step a thousand and even two thousand feet, before 
they can return to their famUies, Some of the Cornish mines 
require a full hour to rise from the lowest depths to ' grass; " 
and besides this considei'able loss of time, diseases of the 
lungs and heart, which oftem terminate fatally, or pre- 
maturely make the miner an invalid, are the consequence of 
these fatiguing journeys. 

^ 0 thou grumbling clerk in London city," exclaims the 
author of "Cornwall and its Mines," ^ ^ whose daily fatigues only 
extend to the ascent into and descent from the trim omnibus 
that takes you to or from Peckham or Kennington ! only 
think for a moment of travelling some four or five times the 
height of St. Paul’s daily— before and after work ! 0 thou 

querulous socialist, demagogue, or artisan, who canst sit 
in a comfortable coffee-house, under a flaming gaslight, 
immediately before and after work— or in your own snng 
parlour, or by your own fireside or murmuring kettle — do but 
think for a moment of the Cornish miner, and what he must 
do before he can reach home or house 1 I fully believe that 
the best cure for discontent and gloom in fortunate workmen 
would be to put them upon the treadmill of a deep Cornish 
mine — for a temporary treadmill it is." 

It had long been deemed of tbe utmost importance to 
devise some easier mode of locomotion ; but it was not till 
1838 that the circumstance of two water-wheels having been 
thrown out of work by the opening of the deep Georg Adit in 
the Hartz mines suggested the idea of employing the pump- 
rods for aiding the ascent of the miners. The trial was first 
made with a portion of one hundred fathoms. This was 
divided into twenty-one portions ; and on each portion iron 
steps were fixed, at intervals of four feet, while hand-holes 
were fixed at convenient distances. A reciprocating motion 
of four feet was given to each rod, and the miners stepped 
to and fro from a bracket or ledge on one rod to the 
parallel one on the other. As one rod is alws*^ys descending 

* London: Longmans, 1857. 
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while tlie otlier is aseending, and vice versa, it is easy to 
understand liow tliis alternate stepping on to tlie little plat- 
forms must lead to tlie ascent or descent of the miner. At 
the division between each two of the twenty-two portions, 
there is a larger platform on which he may rest awhile ; and 
nothing is lost by his rest, for tlie reciprocal motion goes on, 
and is ready again for his use when he is ready for it. This' 
first machine surpassed expectation. Short as the length of 
ascent was, many invalids of the district were now able to 
resume their underground labours, as the fatigue of mounting 
or descending was reduced, by the alternate action of the 
machinery, to a mere easy lateral motion. 

The advantages of this new method in saving both time 
and power were so obvious that it was soon imitated in the 
other deep metalliferous veins of the Hartz ; and at present 
power-ladders or man-engines of an improved construction, 
such as the substitution of a single rod for the double 
apjiaratus above described, are in verj" general use over the 
Continent, whence they have passed in a modified form 
into Cornwall, where they are worked by steam. In Fowey 
Consols Mine the machine extends to a depth of 1,6S0 feet. 
Ike rod is eight inches square, with twelve-inch platforms at 
intervals of twelve feet ; and there are stationary platforms 
equidistant at the side of the shaft. When a miner is about 
to descend the steps on a movable platform, the rod descends 
and carries him down twelve feet ; he steps upon a fixed 
platform while the rod rises again; he tbon steps upon 
another movable platform, and descends another twelve feet, 
and so on to the bottom. In ascending, there is simply a 
reversed process. It is a very interesting sight to witness 
the ascent or descent of bodies of miners at certain horns of 
the day and night. You see them passing each other in the 
shafts, in a hind of zig-zag course, of as great regularity as 
any zig-zag will permit. As one miner steps off the rod plat- 
form to one fixed platform, another steps on to it from 
another fixed platform on the other side. Thus there are two 
streams of miners moving in opposite directions along the 
same rod at the same time, and this curious spectacle is ren- 
dered doubly pieasing when we consider how much distressing 
toil has been alleviated by the employment of the man- 
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engine. Machinery constructed on the same principle has 
been latterly adopted in the mines of Anzin, for transporting 
the coal step by step to the surface ; and it is evident that 
when coal mines are worked at greater depths than at pre- 
sent, ropes, however strong, will no longer be able to sustain 
even their .owui weight, and the whole transport up and down 
a shaft of perhaps 3,000 or 3,500 feet must be performed by , 
means of similar machines. 

Wherever the excavated rock is not hard or solid enough 
to bear the superincumbent weight, the galleries of a mine 
must necessarily be supported by timbering or walling. 
Timbering is most used, frequently in the form represented 
in the annexed woodcut ; and when we consider how miles 
upon miles of galleries are thus sup- 
ported, we can easily imagine that 
whole forests must be engulfed in our 
mines. It has been calculated that 
for the total quantity of timber in use 
for mining purposes in Cornwall, it 
would require no less than 140 square 
miles of forest of Norwegian pine, 
averaging a growth of 120 years. 
The expense thus incurred is enor- 
mous ; the cost for timber, duty free, in Cornish and Devon 
mines, amounted in 1836 to 94,138Z. and is probably still 
larger at the present time, For timbering, no tree is more 
esteemed than the larch or the Norwegian pine, on account 
of its great durability in the wet; but whatever wood may 
be employed, it is necessary to peel off the bai'k, experience 
having shown that unless this is done the wood rots much 
more easily, as the fibres of the rind attract a far greater 
quantity of moisture than the smooth surface of the splint. 
Like the potato and the grape, subterranean timbering 
is exposed to the attacks of a fungus, producing what is 
called dry-rot. The parasite germinates in the sap which 
remains in the wood, or at least derives its nourishment 
from it. Its vegetation is at first scarcely perceptible ; but 
soon its white fibres multiply, and form at length small 
sponges on the surface. The decomposition Sf the wood now 
advances with rapid strides, and terminates at last in the 
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total destruction of the ligneous fibres. JtTot satisfied with 
depriving the roof of its support, the dry-rot likewise pro- 
duces a vitiation of the air, so that wherever timbering is 
employed, it is reckoned among the great enemies of the mine 
and of the miner. Many remedies have been recommended, 
among which hyanizing, or saturating the wood with a solu- 
tion of corrosive sublimate, is one of the most efficacious, 
'though unfortunately too expensive to be of universal use. 
Mushrooms of various kinds likewise flourish upon the moist 
surface of the spars, and various insects collect near this 
parasitic vegetation. The timbering of a mine also affords 
very convenient lurking-places to the numerous rats which 
are met with underground, where they contrive to live upon 
the crumbs or offal of the miners’ meals, or upon candle- 
ends and remains of wicks. ^ 

isTot seldom the timbering of a gallery, weakened by rot, 
gives way under the pressure of the roof, which falls in with 
a tremendous crash, and sometimes buries the unfortunate 
miner under its ruins. Another disadvantage attendingtimber- 
ing is its liability to catch fire, and for this reason, wherever 
the cost is not found too great, the chief galleries of a mine are 
now usually constructed of stone. 

Sometimes the two sides of a 
gallery are lined with vertical 
walls, and its roof is supported 
by an ogival vault or an arch. 

If the sides of the mine are 
solid, a simple arch is sufficient 
to sustain the roof ; and at other 
times the -whole surface of a gallery is formed of a single 
elliptic vault, the great axis of which is vertical, and the 
bottom is surmounted by a wooden plans, under which the 
water runs off. 

The miner is generally in a state of perpetual warfare with 
the water, which threatens to inundate the scene of his 
labours ; and as in a leaky ship the pumps must he kept con- 
tin-ually working to prevent the vessel from sinking, so here 
also perpetual efforts are necessary to keep off the encroach- 
ments of this mever-tiring foe. When a mine is situated 
above the level of a valley, or of the neighbouring sea, its 
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drainage may be effected in a comparatively easy manner by 
means of sloping galleries, dry-levels or adits, which in many 
cases serve also for the transport of the ore or coal. In 
some mines these drainage levels are executed on a truly 
gigantic scale. Thus the Great Cornish Adit, which extends 
through the large mining district of Gwennap, begins in the 
valley above Carnon, and receives the branch adits of fifty 
mines in the parish of Gwennap, forming excavations and' 
ramifications which have an aggregate extent of between 
thirty and forty miles, and which are in some places 400 feet 
below the surface of the ground. The longest branch is from 
Cardrew mine, and is five and a half miles in length. This 
great adit opens into the sea at Restronget Creek, and 
empties its waters into Falmouth Habour, 

A similar great drain is JSTent Force Level, in the north of 
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England, whicb drains the numerous mines in Alston Moor. 
It consists of a stupendous aqueduct nine feet broad, and in 
some places from sixteen to twenty feet high. For more 
than three miles it passes under the course of the river Nent, 
to Nentsbury engine-shaft, and is navigated underground by 
long narrow boats. At the distance of a mile in the interior, 
daylight is seen at its mouth like a star, and this star is con- 
tinually enlarging upon you until you find yourself in open 
da,yhght. The ramifications of the Great Adit Levels of the 
mmes of Freiberg in Saxony have a total length of seventy- 
two miles hut the most stupendous works of this description 
m-e those in the district of Clansthal and Zellerfeld, in the 
Liartz, where, as the mining operations have been carried on 
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sleeper and deeper, adits have been successively driven helow 
adits. Tonr of these levels ‘date from times previous to the 
seventeenth century; hut, as they were found insufficient, 
the famous Georg Stollen was added to their number in 
1777. This gigantic tunnel, which, piercing the hard rock 
required twenty-three years for its completion, is above five 
miles long, and passes 900 feet below the church of Clausthal. 
It serves the double purpose of a draining gaUeiy and of a 
navigable canal. The water is always kept at a height of 
from fifty to sixty inches; and the boats, which carry about 
five tons, are propelled by means of a chain attached to the 
vault, along which the boatmen drag or push them for- 
ward. In this economical manner about 20,000 tons of ore 
are anually brought to dayhght. The boats are made and 
repaired in a subterranean whart; which, though far from 
being one of the largest, may probably boast of being the 
deepest. 

Till til 1851 the Greor^ Stollen answered all the purposes 
for which it was constructed, but at the end of that period 
the increased depth and extention of the mines rendered 
necessary the addition of a new great adit level, which has 
been named the ‘Ernst August Stollen,’ in honour of the late 
king of Hanover. In spite of its vast dimensions, this 
magnificent work, which is six and three-quarter miles long, 
about ten feet high, and six and a half broad, required only 
thirteen years for its completion, and may justly be con- 
sidered as one of the triumphs of modern engineering. The 
excavation was begun simultaneously at ten different points, 
and such was the admirable precision of the plans that all 
the junctions of the different sections of the gallery fitted 
accurately into each other. 

Below the Ernst August GaUery (437 yards), the form of 
the country allows no deeper adit level to be driven ; but to 
provide for the increasing vertical extention of the workings, 
a new underground gallery, -without any opening to the sur- 
face, and at a depth of 262 yards below the former, is already 
in contemplation. The water is -to be raised to the Ernst 
Aiigust Level by a special hydraulic machine placed in a 
vei’tical shaft, which will serve at the same time for raising 
the ore and fifr the passage of the miners. The expense is 



272 


THE SUBTERRANEAN WORLD. 


calculated at about 60,000/. but will be amply repaid by the 
new field of mineral wealth which it will open. Thus in tne 
Hartz one magnificient work is but the preciursor of another. 

When a mine is so situated that drainage galleries cannot 
be established, engines must be employed for pumping up the 
waters. Thus, in Cornwall, where most of the copper mines 
open almost at the sea level, an enormous influx of water can 
be kept in check only by an equally enormous steam-power. 
In the United and Consolidated Mines between Truro and Eed- 


ruth, seven steam-pumps, working with the united strength 
of 2,000 horses, are kept constantly in motion, and raise 
above 2,500,000 gallons of water in twenty-four hours. 

In 1867 the whole quantity of water pumped out of the 
earth by sixty Cornish engines attained the amazing aggre- 
gate of close upon thirty-seven millions of tons ; but since 
then mining has been carried on more extensively and deeper, 
and consequently additional steam-power has become neces- 


sary to keep pace with the increasing waters. 

^Even to the eye of an observer who is practised in 
machinery* of great magnitude, the first sight and the sub- 
sequent examination of such engines is very gratifiyino*. To 
watch the labour of a giant Avould be interesting; but^to see 
the giant not only labouring at ease amidst his enormous 
work, but at the same time at the command of a child, who 
should be able to stop him. at any moment— this would be 
doubly interesting. Such is the case with the great Cornish 
engines, for even the largest of them may be stopped by a 
child of ten or twelve years of age. Another peculiar feature, 
too, of these engines is this, that they work with a quietness 
-or absent of clash or clatter— which is in the inverse ratio 
of their ma,^tude. The water makes a great rush in the 
pimps, but the engine itself is calm and comparatively ndise- 
less-hke a great mountain reposing in calm greatness while 
a perpetual spring brawls at its feet.’ 

V* effort, 

must be made to keep down the water. 

In smking to the coal at Dalton-le-Dale, eight or nine 
mi es from Durham, the borers peuetrated the vast bed of 


* ‘ Cornwall, its Mines and Miners.’ ^ 
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sand beneatli tlie magnesian limestone, wHcli appears to 
contain the chief subterranean water-stores of the district 
in this case their outburst was trulj terrific, amounting, on 
June 1, 1840, to the enormous quantity of 3,285 gallons every 
minute. To oppose this formidable enemy the spirited pro- 
prietors of the mine at once proceeded to erect the necessary 
steam-power for pumping off 3,000 or 4,000 gallons a 
minute; but, the waters still increasing, it became necessaiw 
to meet them with a double and treble force, so that finally 
the floods had to be kept down by steam engines of an 
aggregate power equivalent to 1,584 horses and setting 
twenty-seven sets of pumps in motion. 

Sometimes the influx of water into a coal mine is so enor- 
mous that no human contrivance can oppose it, and man is 
obliged to give up the conflict in despair. During the progress 
of the attempted winning of a pit at Haswell in the county 
of Durham, the engine power erected pumped out the water 
to the amount of 26,700 tons per day; but still the floods 
came in, and at last won the victory. 

From the same cause many collieries have been closed, of 
late years, on the hanks of the Tyne, and among these the 
famous Wallsend Colliery, which has given its name to the 
best kinds of coal. 

The drowning of a coal mine not seldom occurs from the 
irruption of water accumulated in old wastes or ancient 
workings occupying a higher level in the vicinity. The 
growing pressure of such a body of water upon the beds or 
barriers below becomes enormous ; and then the water, testing 
every weak point of the body opposed to its escape, at length 
unexpectedly rushes into the space which it finds open before 
it. All the works below are completely filled, and the mines are 
for a time rendered useless, or, it may he, for ever abandoned. 
This was the cause, in 1816, of the celebrated accident at 
Heaton, near Hewcastle-on-Tyne, in which ninety lives were 
lost. The water flowed from two adjoining old collieries 
which had been abandoned seventy years before. A barrier 
of six feet withstood a pressure of thirty fathoms of water. 
But an irruption was aided at last by a natural fissure of the 
rock, and the «atastrophe followed before any adequate pro- 
tection could he interposed. 
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About thirty years later a tremendous calamity of the like 
kind, after an outlay of 100,000i., totally ruined the Baghil 
coal mines, in Wales. The water came from adjoining mines, 
which had been long abandoned. 

If correct plans and descriptions of all the ancient workings 
had been preseryed, these accidents, wliicli happen frecpiently^ 
might easily be prevented, as an exact knowledge of the 
localities would enable the owners to leave sufficiently strong 
barriers in parts where they are now often most inadequate. 
Such is the importance of accurate mining records, that 
thousands of pounds would be freely given at tins moment 
by many owners for a knowledge of old works of which no 
plan exists and which no memory ca.n now rc'call. Foi'- 
tunately, the legislature has now taken steps to introduce a 
system of registration such a,s has already existed long ago 
in Prussia, Austria, and Belgium, and which, at least, will 
answer the purpose of obtaining greater security for the 
future. 

Sometimes an enormous fall of rain, dt^scending on the 
neighbouring country, finds its way into the mines throtigh 
fissures in the ground or by breaking through galleries, and 
causes irreparable mischief ; sometime^s even a whole river 
bursts into the works and ruins them for ever. Thus, in 
1856, the South Tamar Consols, in Devonshire, wtis flooded 
by the giving way of the bed of the Tamar, under winch the 
workings were carried. 

Even the sea has been kxiown to take fatal vengeance for 
the undermining of her domain. Workington Colliery 
extended to the distance of 1,500 yards under the Irish 
Channel, and the workings, being driven considerably 
to the rise, were brouglit at length within fifteen 
fathoms of the bottom of the sea. The pillars of coal which 
supported the overlying strata were hardly strong enough to 
support the roof, but the itnprudence of a manager eager to 
produce a larger quantity of coal weakened even this insuffi- 
cient support by working it partly away. Heavy falls of the 
roof, accompanied by discharges of salt water, gave repeated 
warnings of the impending catastrophe, which took place 
on July 30, 1837. So violetit was the irraption that many 
persons at a distance of hundreds of yards observed tlie 
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risen to a height of 14 metres in tlic^ shsift on the following 
morning, and as it was still rising there was reason to fear 
that the captives, blocked np in a const.inily naiTOwing 
space, would soon be snflFocMiied. It was resolved to strike a 
gallery from the neiglihonring pit of Mamonstcn* to Bcan- 
jonc, a distance of 175 metres. IJufortiinatidy, only two 
men conld how at a time ; but such was tlui fivdour with 
which the work was prosecuted, that on th^^ morning of 
IMarch 4 a shout of triumph announced that the long(Ml-for 
coinniuiiication was clfecded, and that the prisoners w(‘re 
alive. Crawling through the narrow 2 ‘f''«Mag(S ilu‘y wenu^ 
wrapped up iu Avoollen blankets and stnmgthmuHl wilh soup 
• and wine before being hoisted i,o Ihe surfatte. (loilin and his 
son, a lad of twelve, were the last to leave the pii, ; as a bravo 
sea captain, after some great cutastroplie, never thinks of his 
own safety till he has satisfied hinis(‘ll‘ of that of his men. 
With tho exception of those who wtu-e drowiu'd iiumt'diately 
after the accident took i>la,ce, all wtjni savtul. The joy of aonu^ 
families, ihe despair of otluu’s, may be imngimMl wlum tbo 
final count was made. As a reward for (jolliu's admirable 
conduct, he was decorated with tho (‘ross of the Legion of 
Honour and received a pemsion of GOO franca. Nino ytairs 
later he was killed by an explosion of fini-ilamp, and thus 
the hostile elements with wliic.h he had ao long waged a 
successful war triumpluMl over him at hist. 

Tho sudden irruption of an immen8(i h(aly of water into a 
mine naturally caus(!s a coinpr(‘ssion of the air in those 
galleries which are cut off from all communication with 
the shaft. This pressure, which may rise to ibreo or 
four atmospheres— or, in other words, may ho three or 
four times greater than that of the exteimal a,ir— nut only 
produces symptoms of suffocation and eerchral congestion 
in the unfortunate minors who a,ro exposed to it, but, 
forcing its wa,y through fissures in tho roof or violently rup- 
turing it, sometime imoducos the effimt of an explosion of 
gunpowder, throwing the earth to a distance, and even over- 
turning houses. One of the most interesting of the a(!cidente 
of this kind on record occurred in 1 888, in an oxtensivo Scotch 
colliery, into which tho waters of tho river Garnock had broken 
through a cavity in its bed. As tho stream poured into the 
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mine tlie opening gradually enlarged, until at lengtli the 
whole body of the river plunged lute the excavations beneath. 
The river was affected by the tides, and this engulfinent took 
place at low wahjr ; but a-s the tide rose the sea entered with 
prodigious force, until the whole workings, extending for many 
miles, were conij)letely filled. No sooner, however, had this 
taken place, tluin the pressure of the water in the pits became 
so great that the, confined air, wltich had been forced back 
into the high workings, burst through tlie surface of the earth 
in a thousand places, a,iul many acres of ground were seeii to 
bubble up like tlie boiling of a cauldron. Groat quantities of 
Kami and water W(^re also thrown u[>, like showers of rain, 
during a, period of five hours, and an extensive tract of land 
was laid waste. 

Besides the daaig(n’ of being crushed to death by a fall of 
rock, or immured in a living tomb by an obstrtiction of the 
shaft or an irruption of water, the miner has another, and often 
still more fornridabhj enemy to encounter in the noxious gases 
frequently evolved in coal-pits. Thus iu all well-regulated 
mines the greatest att<mtion is paid to veniilation, so that no 
part of the workings may be left witlnait a proper supply of air. 
In ordinary ca»ses the natural currtmts, which set iu different 
directions through the shafts and gallt'ries, may sufficiently 
purify the atmosphere; but in the coal mines whicdi are 
peculiarly subject to the evedution of foul gases, artificial or 
mechanical means must be resorted to for driving away the 
hurtful vapour’s as quickly as they form. To establish a pro- 
per air-curront, the usual method is to keep a large fire con- 
tinually burning at the bottom of one of the two shafts of 
tlie pit, or of one of the two compartments of the single shaft, 
aaui the diftenmee of temperature thus caused biffwecn the 
<’olumn of air of the shaft and the do}D)u:(ist becomes 

the motive power which impels or drags the air-current in 
obedience to it.* Yet this nu^cts but, half tlie difficulty ; for 

^ Mr. Saimuil Plimsoll pLottors on tho Iron Trado/ 'Ihnrs, February 10, 1868) 
informH nn that in tho Bidgian coal min(‘S tho rontilation ig carried on in a 
ocotioinical and offeet.ivo manner. H<*ro no furnacog are liglitotl at tho bottom of 
tho becauBO ono-twontioth of tho coal riunircd for a furnace will make Bteam 
for an engine to work fang which act somewhat in tho manner of huge paddle- 
wluHda in atoam-Hhips, and by rapid rotation oyer tlm nhaft produce a draught 
%vhich tho ineomrag air runhcH to moot, and thus powcn-fully promote ventilation, 
'riiese fans tiny can work and control, and are thercl'oru indiipondcnt of tho.^o 
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the air-cnrrent^ which naturally tends to tLe shortest passage, 
must be forced to do its duty in every corner of the pit, and 
not suffered to escape through the upcast shaft before it has 
performed the longest circuit. Tor this purpose a great num- 
ber of mechanical contrivances are adopted, in the shape of 
^ stoppings,’ of brick, or wood, or stone, all so placed as to divert 
and drive the air-current into the several galleries of the pit, 
and to make it perform every kind of complex movement, from 
turning back upon its own right or left to turning over in a 
somersault upon itself. The most curious and admirably 
simple contrivance is that of splitting the air by means of a 
wooden erection, which meets and cuts the current in two, and 
sends onepart on the one hand and another on the other hand. 
In fact, what is commonly practised in minutely irrigating a 
meadow is also effected in thoroughly airing a mine. We 
may form some idea of the underground travels which the 
air is thus obliged to perform, by being forced along from split 
to split, when we hear that afc Hetton Colliery the ventilating 
current in the total equals no less than 196,000 cubic feet of 
air per minute circulating through the mine at a velocity of 
18 feet 3 inches per second. 

The foul gases evolved in coal mines are either heavy or 
light. The most remarkable of the former is the chohe-dawf^ 
or hlaeh-dampy the name given by the miners to carbonic 
acid gas. From its great specific gravity (1*527), this gas rests 
on the floor of the mine and gradually accumulates, having 
no tendency to escape beyond a slow mixture which takes place 
with atmospheric air ; while the light Jire-damjp, or carbu- 
retted hydrogen, which, though not immediately fatal when 
breathed, explodes on the slightest contact with flame, tends 
to rise to the surface. The quantity of fire-damp which is 
poured out into the workings of some mines is very consider- 
able, and constantly varying. Some seams of coal are much 
more full of it than others, and in working these, which are 
technically called fiery seams, it is not uncommon for a jet 
of inflammable air to issue out at every hole made for the 
reception of the gunpowder before blasting. 

atmospheric influences to which some of our greatest calamities have been ascribed 
— the damp, heavy atmosphere of early winter. In the great colliery of Sacr^e 
Madame, near Charleroi, one of these fans will draw 34,000 cuVo metres (about 
918,000 cubic feet) per minute. 
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111 the celebrated Walisend Colliery, in an atte 2 ni>t made to 
work the Bensham Seam (an attempt which ended in a fearful 
accident), Mr. Buddie said, in evidence before a committee of 
the House of Commons : — ^ I simply drilled a hole into the 
solid coal, stuck a tin pipe into the aperture, surrounded it 
with clay, and lighted it. I had immediately a gas-light. 
The quantity evolved from the coal was such that in every one 
of these places I had nothing to do but to apply a candle, and 
then could set a thousand pipes on fire. The whole face of 
the working was a gas- pipe from every pore of coal.^ 

The force with which the gas escapes on some occasions 
from clefts or joints is so great as to prove much previous 
compression. These sudden outbursts are locally termed 
blowers. Their issues and effects are surprising. In one 
minute they have been known to foul the air to a distance of 
800 yards, and their noise is descinbed as like that of rushing 
waters, or the roar of a blast furnace. They are not merely 
dangerous from their inflLammable vapours, but also from the 
pieces of coal which their tension not seldom forces from the 
roof, and whose fall maims or kills tlie unfortunate workmen 
beneath. 

The fire-damp is very liable to accumulate in old workings 
or goavesy which thus, unless completely isolated by stone and 
mortar, become a highly dangerous neighbourhood to the other 
parts of the mine. The immense quantity of gas evolved from 
a goaf of about five acres in Walisend old pit affords a striking 
example of the danger of aU such accumulations. A four-inch 
metallic pipe was conducted from the bottom of the pit to the 
surface of the ground and a few feet above it, when, a light 
being applied, a hissing streamer of fiaine fiashed forth and 
burned night and day. The amount of gas thus drawn off 
from the mine was at first computed at about 15,000 hogsheads 
ill twenty-four hours. Long did the little pipo continue to 
pour out in streaming flame thousands upon thousands of 
hogsheads of escaping fire-damp. The total issue might have 
illuminated a little town. 

The explosion of inflammable gas is the most fearful enemy 
the collier has to encounter. Three or four cubic inches of 
carburetted hydrogen, when ignited, produce a detonation like 
that of a pistohshot 5 half a cubic foot, enclosed in a bottle and 
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set fire to, sliiyers the bottle into fragments ; hence we may 
judge how terrific the effects must be wben a blow('r pours 
forth its thousands of cubic feet into the gallerk^s of a mine, 
and the careless approach of a light lets loose the dmnons of 
destruction. The explosion of a large subterranean powder- 
magazine would not be more terrific. OfUni without a^ 
moment’s warning the unfortunate pitman is seor(du!d a.ud 
shrivelled to a blackened mass, or is literally shattered to 
pieces against the rugged sides of the nun<>. 

It may easily be imagined that many effort, s liawe be(m ma th', 
and many contrivances suggested, to disarm the fire-damp of 
its terrors ; but Sir Humphry Davy’s satety-la-mp was tlie 
first invention which snccessfully coped with ih The powerof 
the safety-lamp lies in tlie leaf ion of exploKionx 

through small aporture.% and the discovery of this na.tnral law, 
as well as its practical application, isoiie(.»fthegreatestexploits 
of Sir Humphry Davy. A cylinder an im-h and a half in. 
diameter and seven inches long, formed (,)f win^ gauze, with 
784 apertures to the s(pum,‘ inch, siirrounds 
the light of the lamp. Wlien the miner, 
armed with this apparatus, (mfers an a,tmo- 
sphere, tainted with fire-da, mp, a light blue 
flame fills the cylinder ; hut, u.s if chained by 
some magic power, it is nimble to fransgress 
its bounds ; and as in our Zoological (hmlmm 
we quietly view tbe beasts of the forest bidiiml 
tbeir iron gra,ting, so the miner looks calmly 
upon bis powerless foe. 

Unfortunately, the ntgligence or tbe ob- 
stinate and blind perversity of the miner too 
often renders even this splendi<l invention 
ineffectual. 

The safety-lamp requires to he ki'pt in 
perfect order, and unless certain preca,utions 
are taken while using it, it loses its pro- 
tecting power. Thus, althongh perfectly 
secure when at rest, it seems eerta,iu that 
the rapid motion communicated by the swing of the arm 
during a hurried transit through the mine "has in many 
cases produced an explosion. Blowing out the lamp is 
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likewise attended witk danger, as tlie flame is then easily 
driven tkrougli the gauze, and, like a tiger escaping from 
his den, may spread terror and havoc around; hut the chief 
cause of accidents consists in the small quantity of light 
diffused by the safety-lamp, and the consequent dislike ac- 
quired by the miners to its use. 

Though in all well-regula.ted coal-pits one* or several 
workmen are exclusively employed in keeping the lamps 
ill the most perfect order; though they are handed to the 
miners burning and well closed, and fines are imposed upon 
any attempt to remove the gauze; yet the best regulations 
cannot possibly exclude the chance of accident resulting from 
the almost inconceivable carelessness of men whose daily 
tasks lead them into imminent danger. Thus it is a melan- 
choly but unquestionable fact that the number of accidents 
from fire-damp since the introduction of the Davy lamp has 
been many more in a given number of years than before that 
invention. This has, no doubt, partly arisen from the larger 
number of persons employed on the -whole ; but it is to be 
feared that it has chiefly happened from dangerous portions 
of a mine being taken into work which without the Davy 
could not have been attempted, and partly also from the 
extreme carelessness of the workmen in removing the wire 
gauze.* 

Unfortunately, the fatal effects of this rashness are not 
confined to the foolhardy miner who thus casts away the 
shield that preserves him from danger, hut generally extend 
to many of his innocent comrades. In the year 1856 an 
explosion which took place in the Cymmer coal-pit killed 110 
persons, and in bhe year 1857 170 workmen in the Lnndshill 
colliery were swept from life to death with the rapidity of 
In the year 1S68 the fire-damp levied a contribu- 
tion of 215 victims in the coal-pits of England, while in 1859 
it was satisfied with 96. But in 1860, as if to make up for 
this deficiency, it raged with double violence; for after 


insteymdnt of perfect combustion. By an ingenums 

onr4'tlL. imprccd lamp, Im .pe«,d without prevma. 


axlingiiislinieiit. 



282 


THE SXJBTEEEANEAjS’ WOELD. 


liaving already claimed a tribute of 80 lives^ the dreadful ex- 
plosion which took place in the Eisca Colliery on December 1 
destroyed no less than 142 men and boys. The fire-damp 
explosion which occurred at the Oaks Colliery in 1866 swept 
away the unprecedented number of 301 victims, and in the 
same year 91 workmen perished from the same cause at 
Talk-o’-th’-Hill Colliery. 

In these dreadful catastrophes the most terrible agent of 
destruction is not always the binning and concussion of the 
actual blast of fire-damp, but the choke-damp which succeeds 
the explosion. For the carbon of the inflammable gas, 
uniting with the oxygen of the air, produces that deadly 
poison, carbonic acid gas, which, from the disturbed venti- 
lation of the pit, soon spreads far and wide through the 
galleries 5 so that the poor colliers who are caught in an 
exploded pit have two chances of dea.th against them — one 
from burning, and the other from suffocation. The effect of 
death by the one gas or the other is very distinctly seen in the 
countenances of the dead. The men killed by the fire-damp 
are marked with burns and scorching, and their features are 
more or less distorted or disfigured. On the other hand, 
where men have been snffbcatcd by choke-damp, their 
features are placid and simply inanimate. The fragile and 
faulty sepai’ations (whether doors or stoppings of any kind) 
having been broken down, there is an end to a hope of safe 
retreat even for men totally unharmed by the flames, for at 
once the air takes the shortest course between the entrance 
and exit, and leaves the shattered parts unventihited. 
Whatever after-damp is then and there generated exerts its 
effects in full, and those that cannot rush to the shaft are 
suffocated. In the explosion at Eisca it was declared by 
the surgeon to the pit that of those who w^ere killed no less 
than seventy persons died from the effects of after-damp who 
had not been near the fire. In the great Haswell explosion, 
several years since, seventy-one deaths out of ninety-five 
were occasioned by choke-damp ; and at the explosion in the 
Middle Djffryn Pit in 1852 no less than seven-eighths of 
the deaths proceeded from this cause. Persons of greaf 
experience attribute at least seventy per cent, of the deaths 
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ill fiery mines to after-damp, wMle some advance tliem even 
to ninety per cent. 

After relating so many frigMM disasters, too frequently 
caused by imprudence and rashness, it is a more pleasing task 
to mention a few instances of warnings taken in time. At 
Y/’alker Colliery on the Tyne, in the year 1846, a hugh mass of 
coal weighing about eleven tons was forced from its bed, and 
*a great discharge of gas succeeded. Two men who were 
furnished with Davy lamps were working where this dis- 
charge took place ; one of them had his lamp covered with 
the falling coal, and the other had his extinguished. They 
groped their way to warn the other miners, and then all, 
extinguishing the lamps as they went, safely escaped to the 
bottom of the shaft, and were drawn up. 

A few months after a second discharge from another part 
of the same colliery took place. A bore- hole having been 
made, a violent noise like the blowing off of steam was 
heard, and a heavy discharge of gas filled the air-conrses for 
a distance of 641 yards and over an area of 86,306 cubic feet. 
At 400 yards from the point of efflux a mining officer met the 
foul air, felt it blowing against him, saw the safety-lamp in 
his hand enlarge its flame, and drew down the wick. Still 
the gas continued to burn in his lamp for ten minutes, 
making the wires red hot, and then the light went out a 
bint not lost on the owner, who quickly followed its example. 
At a distance of 641 yards from the efflux of the gas he met 
four men and hoys whose lamps were rapidly reddening. At 
once they had the self-possession to immerse them in water, 
and thus escaped all danger of explosion. 

The disastrous effects of the fire-damp are not confined to 
the loss of human life; they are also extremely injurious to the 
workings, tearing up galleries, shattering machinery, or even 
setting fire to the mine— an accident which may also be 
caused by spontaneous combustion* or by the negligence of 
the workmen. These fires ’are often subdued by isolating the 
burning coal-seam, by means of dams or clay walls, or by 


* Experience has proved that when sulphuret of iron 
change into vitriol it disengages a sufdcient gnantity of 
toal with which it is qften found mixed. 


undergoes a chemical 
heat to set fire to the 
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filling tte mine with watery but not seldom they last for 
years, and assume dimensions which mock all human eflbrts 
to extinguish them. 

At Brule, near St. Etienne, a coal mine Inis bccm on lire for 
ages. The soil on the surface is ba-iTiUi and calcinciU mid 
the dense sulphurous fumes, escaping from innnnuTable 
crevices, give the country a coinphde volcanic as 2 ie(*t. 

In the carboniferous basins of Stafibrdsbirc aiul of Saar- 
briick and Silesia there are likewise (*oal miues which have 
been on fire for a long period. At iJwickau in Saxony i ho 
first accounts of one of these subb^rraneau confiagraiions 
date as far back as the fifteenth century, a-ml the fire still 
burns on. The hot vapours which rise from the surfacij have 
since 1837 been put to an ingenious tise. (l(nulu(*tt!d through 
pipes into conservatories, they ripen the cdioicest fruits of (he 
south, and produce a tropical climate under a northern sky. 

In a Staffordshire colliery which had lunm on fire for maaiy 
years, and which was called by the inhabitardB Burning Hill, 
it was noticed that the snow melted on r<^a»<*Iung the ground, 
and that the grass in tho meadowB was always green. Some 
speculators conceived tho idea of eHtablishing a school of 
horticulture on the spot, and imporb^l colonial plants at a 
heavy expense. These flourished for a time, but om^ day (be 
subterranean fire went out, and as tho heat it hiid imparted 
to the soil gradually diminished mid disparted, the exotic 
vegetation likewise drooped and died- 



285 


CHAPTER XXIY. 

GOLD. 

The Golden Fleece — Golden Statues in ancient Temples — A. Free-thinkiiig Soldier 
— Treasures of ancient Monarchs — First Gold Coins — OpJiir —Spanish Gold 
Mines — Bohemian Gold Mines — Discovery of America — Siberian Gold Mines — 
California — Marshall — Bush to the Placers — Discoveiy of Gold in Australia — 
The Chinaman’s Hole — Hew Eldorados — ^Hydraulic Mining in, California — 
Quartz-crushing. 

G old is probably tbe metal wMcb bas been longest known 
to man. For as it is found only in tbe metallic state, 
its weight and brilliancy most naturally have attracted 
attention or awakened greed at a very early age. Tbns 
we read in tbe Bible tbat one of the rivers flowing from 
Pai’adise ‘oompassetb tbe whole land of BLavilab, where 
there is gold, and the gold of that land is good.’ Gold is also 
mentioned among the riches of Abraham ; and when the 
patriarch’s servant met Eebecca at the fountain of hTahor, he 
presented the damsel with a ‘ golden earring of half a shekel 
weight, and two bracelets for her hands of ten shekels 
weight of gold,’ undoubtedly the first trinkets on record, 

The mythical history of Greece has likewise been thought 
to point to a very ancient knowledge of gold, and the story 
of the search for the ‘ Golden Fleece ’ has by some been 
explained as an expedition undertaken in quest of the metal ; 
for the use of sheepskins or woollen coverings, to collect and 
retain the minutest particles of gold during the operation of 
washing, is common in many auriferous countries. From 
the great value which the ancient nations attached to its 
possession, gold was largely used for the decoration of their 
temples, and many of their idols were made of gold. Such, 
among others, was the image of Belus, seated on a golden 
throne in the great temple of Babylon 3 tbat of Ap>ollo at 
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Delplii, and the magnificent statue of the Olympian Zens, 
composed, by the hand of Phidias, of ivory and gold, and still 
less remarkable for its costly materials than for the consum- 
mate beaxity of its workimwiship. 

Pliny relates that a massive golden statue of the goddess 
Anaitis was taken by Marc Antony in his war against tlxe 
Farthiaus. The Emperor Augustus, dining one day at 
Bononia with an old veteran who had takxm part in the 
campaign, asked him wliether it was truci that the sacri- 
legious soldier who had fh*st laid ha,nds on the goddi^ss had 
been suddenly deprived of tJm, use of his (^es and limbs, and 
had thus miserably perished. ‘I mysedf aan the man,’ 
answei'ed the smiling host; ^you arc dining from off her thigh, 
and to her am I indebted for all t.he plate in my posseBsiond 

The wealth of monarchs was estimated less l)y the extent 
of their domains than hy the gold which they possi^ssod, 
and as each successive coiupieror added to the spoils of vau- 
quished nations, tlie treasures acctimulated by single despots 
grew to an almost fabulous amount. Evexy 8(dH)ollKy kxiows 
that the vast tn^astires of CroDSUS fell into the Inxnds of 
Cyrus, who, according to the leather qucBtioxmhle luxihority 
of Pliny, acquired in Asia Minor no less than 24,0()() ponnds 
weight of gold, without reckoning the vases axid iln^ wrouglit 
metal. To this treasure his son Cainbyses added the gold of 
Egypt, and Darius Hystaspis the tribute of thx) froxitii^r 
nations of India. Thus iho gold of almost the whole known 
world was accxxmxxlated in one single hoard, whi<*h, affer the 
taking of Pers(q)()lis, fell into ihe hands of Aloxamhjr the 
Great. Plutai'ch relates that 10,000 teams of mules and 500 
camels were needed for the transport of this wealth to Susa, 
where Alexander was cheated out of a great part of it by his 
treasurer. Rome, the subsequent mistress of the world, natu- 
rally absorbed the greater part of the riclies of Tyro and 
Carthage, of Asia and Egypt. Sixty-six years afbm th<^ 
third Punic war the public treasury contained 1,(>20,8JJ1 
pounds weight of gold, and still greater wealth wats acenmu- 
lated under the Cmsars. As the empire declined, the hoards 
amassed in the times of its increasing power wore once more 
dispersed. A considerable part, however, found its way to 
Constantinople, and after many a loss, caused by the repeated 
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disasters of a thousand years, the remnant fell at length into 
the hands of the victorious Turks. 

The time when gold was first coined is unknown. The 
oldest specimen in tlie Imperial Cabinet at Vienna is from 
Cyzicus, a town of Mysia, and bears the date of the seventh 
century before Christ ; the next coin in point of antiquity is 
Persian, and was probably struck under the reign of Cyrus. 
According to Pliny, gold was first coined by the Romans in 
the year 547 after the foundation of the city. During the 
empire of the Chalifes Abuschafar-al-Monsin.- established a 
mint at Bagdad, in which silver coins (dirhems) and gold 
coins (dinars)* were struck. The Visigoths in Spain like- 
wise had golden coins ; but in the other western mediaeval 
States they first appear, after a long interval, ^^nde^ Lewis 
the Pious, son of Charlemagne; in Venice, in 1290 ; and in 
Bohemia, under John of Luxembourg. The gold of the Caro- 
lingian monarch probably proceeded from the spoils of the 
old west Roman Empire ; that of the Venetians (zecchins or 
ducats) was, no doubt, obtained, like that of the Phoenicians 
of old, by trading with the gold countries of Africa and of the 
distant East. The Florentines, the rivals of Venice, likewise 
obtained wealth by trade, and struck gold coins, which, from 
their being stamped with a flower, the arms of Florence, were 
called fiorini, or florins. The coins of the kings of Bohemia 
were made from indigenous gold. 

It is hardly necessary to remark that since those times 
the use of gold coins has been constantly increasing 
with the progress of trade and civilisation; but even now, 
in many African and Asiatic countries which possess large 
quantities of gold, no coins are struck, but the metal is 
weighed, and thus serves as a medium of exchange, in the 
same manner as in the times of Abraham or Jacob. 

The countries from which the ancients obtained their chief 
supply of gold were the Indian Highlands, Colchis, and 
Africa. The seat of Ophir, which furnished this precious 
metal to the Phoenician and Jewish traders, is unknown. 
While some authoritie-s place it on the east coast of Africa, 
others fix its situation somewhere on the west coast of the 


* These names borrowed from the Greek Drachma and the Latin Denarhis. 
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Indian poiiiiisiila ; and Himiboldt is oven of opinion that the 
name had only a general siguitieation, and that a voyage to 
Ophir meant no more than a commercial expedition to any of 
the coasts or isles of the Indian Ocean, just as at i)resL'nt we 
speak of a voyage to the Levant or the West Indies. The 
golden sands over which the Pactolns, a small river of 
Lydia, rolled, gave rise, it has been said, to the wealth of 
Croesus. 

Tlie riehost auriferous land in Europe was iho Tlauiau 
peninsula, which for centnritvs yielded a golden luirvcist, first 
to the Oarthnginians, then to the Komans, a, ml at a still later 
period to the Yisiguths and tlie Moors. During the middle 
ages Bohemia was renowmul for its gold, and ihe accounts 
that have riMWihed us of l.he tinujs wlum her auriferous 
deposits first begun to he extensivedy woidcc'd r(miind ns of 
the see^u^s wliich (uir own age, has witnessed in Califoniia or 
Australia. Bloody conllicts frecjuently uro.se between gold- 
diggers and peasants because iluj former devu stated ihe fields 
and meadows and left tlmni ptunnanoutly sterile. Even now in 
many parts of the country long i-angc^s of sand hillocks and 
rubbish mounds remain u.s memorials of tlie luedimval gold- 
diggors. Erequout famines arose in the land, as many of the 
inhabitants gave up agrienltnro fur mining. 

A new epoch in the history of gold h(‘gnn with the dis- 
covery of America, Wo all know hy what prodigies of 
valour the Spaniards obtained posHi'ssiou of the lanaisnres of 
Montezuma and of the Pernvian Iuea.s, and hew frequently 
acta of a fiendish cruelty, inspired hy the love of gold, a,nd 
aggravated by a bloodthirsty fanaticism, iarnisliod the lustre 
of their arms. 

More recently, about the year 188G, rich doposits of auri- 
ferous sand were discovered in Siberia, and soon raised tho 
frozen regions of the Jenisei to tho rank of tho first gold- 
producing country in tho world,'*^ But tho faTuo of the 
Bussian mines was soon eclipsed by tho evontM discovery 
of the Calirornian placers. 

It was in Jamiary 1848, a short time after ihe incorjiora- 
tion of the province with the United States, that one James 
Marshall, who had contracted to build a stvw-mill on the 
* ‘Tho Polar World,’ p, 231. 
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land of Captain Sutter^ about sixty miles east of Sacramento, 
discovered tlie glittering particles in th.e mud of the brook 
on which he was at work. Trembling with excitement, he 
hurried to his employer, and told his story. Captain Sutter 
at first thought it was a fiction, or the wild dream of a 
maniac; but his doubts were soon at an end when Marshall 
laid on the table before him a few ounces of the shining 
dust. The two agreed to keep the matter secret, and quietly 
to share the golden harvest between them. But, as they 
afterwards searched more narrowly, their eager gestures and 
looks happened to be closely watched by a Mormon labourer 
employed about the neighbourhood. He followed their 
movements, and the secret was speedily divulged. 

It appears that Marshall did not escape the ordinary lot 
of discoverers, for a few years later he was wandering, poor 
and homeless, over the land which was first indebted to him 
for its enormous development. 

The intelligence of the Californian gold treasures soon 
spread over the world, and a wonderful flood of immigration 
began into the newly-proclaimed Eldorado. An innumerable 
crowd of adventurers from every part of the hTew World, 
from the Sandwich Islands, from Europe, from Australia, 
came pouring in over the Eocky Mountains, through Mexico, 
round Cape Horn, or across the Pacific, all eager to seize 
fortune in a hound or to perish in the attempt. Every week 
dispatched its thousands to the diggings, and saw its 
hundreds of successful adventurers return to dissipate their 
earnings in the gambling saloons of the infant metropolis. 
In less than ten years California numbered more than half a 
million of inhabitants, and San Erancisco, from an obscure 
hamlet, had risen to the rank of one of the great commercial 
emporiums of the world. 

Science had little to do with the discovery of gold in 
California ; but the case was different in Australia. As early 
as 1844 Sir Eoderick Murchison directed attention to the 
remaTkable resemblance between the Australian cordillera 
and the auriferous IJralian chain. Two years later, his sur- 
mises about the hidden treasures of that distant colony were 
confirmed by s<jme samples of auriferous quartz sent to him 
from Australia. Relying upon this fact, he advised some 
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Cornish emigrants to choose Australia for their new home, 
and to seek for gold among the delris of the primitive rocks. 
His opinion having become known at Sydney, through tlio 
newspapers, researches were made, which proved so far 
successful that in 1848 gold was found in several places 
in South Australia. 

The first important discovery was, however, not made 
before the year 1851, when Mr. Hargraves made known to 
Government that rich gold deposits were situated to the 
north-west of Bathurst, on the Summerhill and Lewis 
rivulets, which flow into the Macquarie. When the 
geological Government inspector arrived at Summerhill 
Creek, on May 1!), he found that about four hundred 
persons had already assembled there, who, without any 
other mining apparatus than a shovtd and a simple 
tin pot, gained, on an average, from otm to two ounces of 
gold daily. 

Soon after, still richer deposits were found near the 
Turon and the Meroo, two other branches of tluj Macquari(t. 
Here a native shepherd, in the service of Dr, Kow, 
found three quartz blocks, of which the largest contained 
sixty pounds weight of pure gold. It may easily be sup- 
posed that the whole neighbourhood became at once the 
scene of active researches, which at first proved fruithms, 
until at length a fourth quartz block was discov(»r(’d, and 
publicly sold for a thousand pounds. Otlu'r discoveries were 
made within the bounds of New South Wal(‘8 ; but oven the 
richest of them were soon to bo obscured by tlio treasures 
the neighbouring colony. 

As late as 1836 Port Philip had remained an unknown 
land, for it was not until then that its first settlers, attracted 
by the richness of the pastures, arrived from Tasmania. 
Soon a small town arose on the Yarra-Yarra, and, though 
badly chosen as a port, Melbourne soon rose to importance. 
In 1850 the district was made an independent colony, which 
received the name of Victoria. Here the traders and sheep- 
drivers now mourned over the news from Sydney. The best 
workmen had already left for the gold-fields, and if the 
exodus went on increasing, nothing remained for them but 
bo follow the example, or quietly to await the ruin of their 
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■hopes — -a patience which agrees but little with the Anglo- 
Saxon character. 

To prevent the impending evil, a reward of 200 guineas 
was immediately set upon the discovery of a gold-field within 
120 miles from Melbourne^ and soon after the world was 
* astonished by the intelligence of the fabulous- riches of 
Ballarat, at the soiirce of the River Lea. The first conse- 
quence of this discovery was that the towns of Geelong and 
Melbourne, both hot above sixty miles from Ballarat, were 
immediately deserted by their inhabitants, and that, within 
a few weeks, more than 3,000 gold-diggers had collected on 
the spot, who were gaining, on an average, their ten or 
twenty pounds a day. But here, also, there was no definite 
resting-place, for new prospects of dazzling wealth constantly 
allured the crowd to new and still more distant fields of 
enterprise. Twenty thousand people, meeting with fair 
success, would migrate in a day, abandon their claims, and 
rush upon the new tract. The passions of human nature 
were roused by one of the strongest of its instincts; and 
madness and suicide, arising from excess of joy and wild 
despair, were far from uncommon occurrences. The whole 
order of society was inverted, and the labourer became of 
more importance than the employer of labour. The scum 
of the adjoining colonies boiled over and deluged the land 
with vice and crime. Bush-ranging extended over every 
portion of the country, and even the streets of Melbourne 
became the scenes of robbery and murder. The diggers 
were of all nations ; Germans, Branch, Italians, American, 
Irish, Californians, and Chinese — ^these last being the best 
conducted of this motley population, which as early as 1860 
numbered 50,000. To this strange, people one of the most 
remarkable of the Australian gold discoveries is due. The 
immigration -tax, which had been vainly devised to check their 
influx (for they are objects of the greatest antipathy to the 
white gold-diggers), drove them to a surreptitious mode of 
entering the colony ; and, landing at Gurchen Bay in South 
Australia, and taking a course thence over the frontier across 
the Grampian ranges, they came upon a deposit of marvellous 
richness, in the^eighbourhood of Mount Ararat. In one of 
their first encampments, while picking up the roots of grass 
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and prying for gold, they fonnd the oeU^bratfid ‘Cluiuitnan'a 
Hole,’ which yielded 3,000 ounces in a, ftnv hours. This It'd 
to the greatest rush which had over been known in tin* gold- 
fields, for 60,000 people congregated there in a few weeks, 
and before a month had elapsed an iiuineiiBe town was 
systematically laid out. Shops, ta,vorns and hotels, theatres- 
and billiard-rooms, sprang up in the desert, like tlie mystic 
trees of Indian jugglers, and were quickly followed by a, 
daily mail and a daily newspaper. Thus, within the space of 
two months, the magical power of gold converted a wild 
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mountain gorge into a teeming city, where front*, ges were 
nearly as valuable as in the heart of London. 

The great social disorganisation which distinguished the 
since pls^ra discoveries has long 
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been worked by gold In the year 1851 the population of 
the province was 773845 persons, of whom 28,143 were 
located in Melbourne. In I860, it had already increased to 
462,000, and probably the next few years will find it aug- 
mented to a million, while Melbourne already rivals our larger 
cities in size and wt^alth. 

The wonderful diseovories in California and Australia 
havijig made gold the all-absorbing topic of the day, it is 
not surprising tliat new .Kldorados were now eagerly sought 
for wherever the geological formation of a country held^out 
the hope of similar treasures. 

Fresh and highly productive gold-fields have, within the 
last few years, been opened in British Columbia, and, still 
further to the north, in the Arctic wilds of the infant colony of 
Stikeen. Numerous diggers are at work in New Zealand, and 
in the deserts to the north of the Cape. A system of auri- 
ferous veins lias been discovered in North Wales; the county 
of Sutherland, the Ultima Thule of our isle, claims to be 
ranked among the gold-producing regions; and numerous 
adventurers are on their way to the frozen deserts of 
Lapland, where the glittering metal is said to abound in the 
basin of the Ivnlo. 

At no former ptnloil of the workTs history has gold been 
so eagerly sought for over such extensive areas in all parts 
of the globe ; never have larger quantities of the precious 
metal been added to the accumulated hoards of ages. No 
doubt this vast influx of wealth has in many cases been 
productive of evil couBi^qucnces ; but its beneficial influence 
upon the progress and happiness of mankind far outweighs 
the injury it may too frcHjuentJy have caused rousing the 
worst passions of our nature. An astonishing impetus has 
already bc^en given i.o comnnu’cc and industry ; competence 
and wealth have bc<ui ditfused over many lands; deserts 
have been transformcHl into growing empires ; and a vast 
continent, long despised as the convict’s prison, has been 
raised in the social seak^ to a height almost commensurate 
with its geographical importance. 

The mineral formations in which gold originally occurs 
arc the crystiilline primiiive rocks, the compact transition 
rocks, and the intchyiic and trap rocks, whk*h, by their 
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disintegratioB Lave, in the course of ages, enriched large 
alluvial tracts with particles of the precious metal. Torrents 
and rivers washed them down from the heights, along with 
the worthless inibbish of their original matrix, and finally 
deposited them in the gulleys and ravines of the lower 
grounds. .Hence the alluvial territories have always been 
the chief sources of auriferous wealth, and this circumstance 
explains how countries which at one time abounded in gold 
have long since ceased to be of importance. For the 
comparative ease with which the metal could generally be 
obtained by digging and washing, and the greed which 
stimulated the researches of thousands, could not fail to 
exhaust. even the richest placers. No one now di'eams of 
searching for gold in the sands of the Pactolus or of the 
Golden Tagus ; no modern Argonaut sails to Colchis in 
quest of the golden fleece; the fields of Bohemia are no 
longer ransacked by gold-seekers ; and a like fate probably 
awaits many of our modern Eldorados. 


The annual product of gold in California has fallen off 
nearly 60 per cent.* from the highest point at any time 
reached, and the population engaged in mining has boon 
diminished in a still p-eater ratio. In addition to manual 
labour, capital and skill are at present required, and share 
the profits aat formerly accrued to labour alone. But 
the Californian gold fields are far from being exhausted, 
for in no part of their vast extent, which spreads almost 
continuously over seven degrees of latitude, have the mines. 
Other than the shaUow placers, been exhausted or worked to 
any great extent. Even in the older and more popular 
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exliausted, the gold-bearing banks and rocks are doomed to 
give way to the crushing machine, to the resistless force of 
powder, and to the power of water, which in every age has 
been the gold digger’s necessary auxiliary, but is now used 
ill California as a. giant strong enough to remove mountains 
from their foundations. 

Tunnels long and deep, ditches from twenty-five to fifty 
miles in length, and huge iron pipes, sometimes crossing 
chasms of a thousand feet vertical depth, convey it to the gold- 
bearing ^ bank,^ where hydraulic machines, such as Craig’s 
Globe Monitor and Dictator, or Fisher’s Knuckle Joint and, 
Kozzle, discharge a thousand inches of water, equal to 1,579 
cubic feet, per minute, with a velocity of about 140 feet 
per second. The discovery of the most powerful explosives, 
such as nitro-glycerine, giant-power, &c., and furthermore 
the invention of a diamond drill, have, by preparing the 
ground and thus assisting the action of water, raised hy- 
draulic mining to one of the foremost and most lucrative 
pursuits in California. In many eases, however, blasting is 
not required, for a quantity of water uninterruptedly striking 
the bank with one-tenth of the velocity of a cannon-ball 
suflGLces to produce its ^ caving.’ After an hydraulic mine 
has been opened for washing operations, and water under a 
high pressure connected through an iron pipe with one of 
the improved hydraulic nozzles, the real mining work can 
commence. A screw is turned, and presently a stream of 
water from five to seven inches in diameter plays with mag- 
nificent force against the opposite bank of gravel. The 
water issuing from the nozzle is to the touch as hard as a 
bar of steel, and retains, when thrown from a good nozzle, 
its cylindrical and condensed shape till it strikes the gravel 
bank, where its effect is soon visible. At the first shock a 
thousand rays of water fly in all directions ; a little later the 
stream has buried itself deep in the bosom of the bank, and 
the water boils and hisses over the lips of the aperture, 
carrying with it gravel, sand, clay, and whatever matter may 
be at hand. The opening widens ; flakes of gravel tumble in 
all directions ; an arch, wide and deep, is made on the gravel- 
bank, the ^ jambs’ of the arch to the right and left are 
demolished by turning the jet of water upon them, and 
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the first ‘cave’ in the hvdranhc iniue tal'cs place. Cii,rc is 
taken to secure as soon n,s po.saible a open front so as 

to occupy two, throe, or inoi-n hydraulic uozzIch, according 
to the supply of water and general capiwiity of the ■works. 
These different nozzles being 8uppli<Hl from the same dis- 
tributor can open a ‘cross fire’ upon any p(tint within two 
luxndred feet from their mouths, a.nd thus do (excellent 
execution. Whole hills are in this manner suc.ccssively 
levelled to the ground and forced to yield tlndr treastires. 

The blasting of rocks takx^s phum on a stnpxmdons scale. 
Six hundred kegs of powder, each contaitiixig tw('nty five 
pounds, aro often fired simultaneously, and will dislodge at 
once from fifty to sixty thousand cubic yards of ro<tk. 

An ample supply of wat(.‘r dm’ing all seasons of the year is 
of course of vital importaiuM^ to tlui swtcess ctf iui hydraulic 
■mine, and calls forth all the. resources of engiueering skill. 

Thus gold mining has made ptaaligions strides since the 
•primitive times when the crevienng knifi^ and spoon a.nd the 
gold rocker fix-st did their duty; or sinee the spring of lHh3, 
when an nnkno'wm miner (whose ingenuity would have 
deserved a bettor rememln'aina') put xtp the first simple 
hydraxxlic machine on his mining elaim at Yankee Tim in 
Placer County. I'roin a small ditch on the hill aide a llumo 
was hnilt towards the ravine, when the mine xvas optmod ; 
the fl,ume gained height ahov(! the groxuid as tlie ravine wjxs 
approached, until finally a Inaid or vtu-tical height of forty 
feet was reached. At this point tins water was discharged 
into a barred, from the ht)ttom of which di'pended a hose 
about six inches in diameter, made of common cow-hide and 
ending in a tin tube about four feet long, the latter hipering 
down to a final opening or nozzle of one inch.'*' 

The ores of auriferous quartz arc of course treated in a differ- 
ent way from the alluvial debris. After having k'en crushed 
and pulverised by powerful machinery, the finely-powdered 
quartz is then treated with mercury, a method well known 
to the ancients. This metal dissolves and xmites with the 
gold, producing an amalgam, which is easily separated from 
the dross, and, by straining and distillation, yields the gold. 

* From ‘StJitisticB of Minos anfl Mitiinp; Wost of tlio iStoky Mounluini,' by 

Russiter W. Baymoiid, United SLato»’ Cummifimoiicr of Miiiitig 1873. 



297 


CHAPTEE XXV. 

SILVER. 

Its ancient Discovery— Its uses among the luxurious Romans — The Mines of 

Laurium— Silver Mines of Bohemia, Saxony, and Hungary— Colossal Nuggets 

Silver Ores— Silver production of Europe— Mexican Silver Mines— The Veta 
Madre of Guanaxnato— The Conde de la Valenciana— Zacatecas and Catorce— 
Adventures of a Steam-Engine — ^La Bolsa de Dios Padre— The Conde de la 
Regia — Ill-fated English Companies — ^Indian Carriers — The Dressing of Silver 
Ores — Amalgamating Process — ^Enormous Production of Mexican Mines— Potosi 
— Cerro de Pasco— Gualgayoc— The Mine of Salcedo— Hostility of the Indians 
— The Monk’s Rosary — Chilian Mines — The Comstock Lode. 

L ike that of gold, the first discovery of silver precedes the 
historic times, and must no doubt be sought for in the 
remotest antiquity ; for as it is not seldom found in a native 
state, its brilliancy could not fail to attract attention at a 
very early age. Veins of silver ore, moreover, not seldom 
crop out on the surface — a circumstance which likewise 
greatly facilitated the accidental discovery of the metal. 
Thus Diodorus relates that streams of melted silver 
flowed out of the calcined soil where some shepherds had 
set fire to a forest in the Pyrenees. The cunning Phoenician 
merchants, who were trading in the neighbourhood, bought 
the metal for a trifle from the natives, who, ignorant of its 
value, gladly exchanged it for some worthless trinkets. 

Our earliest annals show us silver in common use among 
the more polished nations of antiquity, both for ornamental 
purposes and as a means of exchange. When we read in 
the Bible that Abraham weighed to Ephron the Hittite ^ four 
hundred shekels of silver, current money with the merchant,’ 
for the purchase of the field of Machpelah, where Sarah was 
buried, we cannot possibly doubt that, long before the 
patriarch’s time, great quantities of silver must have circu- 
lated among 4he traders of the East, and that even then it 
belonged to the discoveries of ancient days. 



398 


THE SUBTERRANEAN WOELT). 


Homer desci'ibes tlie sMelda and lioliiieis of liis lioroos 
as iidaid with silver, and in Northern Asia silver oinamoniH 
have been found in the tnmuli of the Tsclmdi, a inysferions 
people who have left no vestiges of their cxistonee save 
their tombs. 

The Babylonian, Assyrian, and Persian monarchs imposed 
large tributes of silver on the conquered nations of Asia, 
and at a later period the treasures thus amassed by a lotig 
line of despots came into the possession of Alexander the 
Great, and finally of the Romans, wbo absorbed all the 
riches of Carthage and the East. In the rengn of Augustus, 
the tables of the wealthy senators groaned under silver 
dishes weighing from one hundred to live hundred pounds; 
silver statues of their ancestors decorated theur upari.monts, 
and they not seldom performed tluur luxurious ablutions in 
baths of silver. Mirrors of this metal W(;ro in freqiumt use 
among a people to whom the art of npplyiug a lustrous 
amalgam to the back of a plate of glass was uukuovvu. 

The skill of the artist not seldom added an itu'Hliimablo 
value to the intrinsic worth of an emboSHod or cliist'lled 
silver vase, and Pliny mentions several works of thivS kind 
which enjoyed a world- wide celebrity. 

The most ancient silver mines of which wo havts any his- 
torical account were situated in the mountninoua purls of 
Chaldma and in Spain. With the dcv{dopm(mt of the ( huH-iau 
States, Eastern Europe also began tA> furnish its contiugent, 
Silver mines were discovei’ed and workc'd in the Paugman 
Mountains, between Macedonia and Thrace, in the islands of 
Siphnos and Cyprus. Athens derived a considerable part of 
its revenue from the mines of Laurium in Attica. At first 
the profits derived from this source were distributed among 
the citizens, until Tliemistoclos persuaded the general assem- 
bly of the people to devote them to the construction of ships 
of war. The battle of Salamis was won by the galleys built 
with the money thus obtained, so that the silver mines 
of Laurmm have been the means of adding some of its 
brightest pages to the history of Ancient Greece. 

After the fall of the Roman Empire, the exhanated or 
neglected mines of the East, and of the Iberian peninsula, 
ceased to be the sources from which silver flowed over the 
world. 
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The riches amassed during ages of civilisation were now 
scattered among harbarons hordes, or buried in the ruins of 
cities destroyed by fire ; and as no new influx replaced the 
losses caused by accident or the slow wear of time, the pre- 
cious metals gradually became more rare and of increasing 
value, until Germany began to open a new era in mining 
bistory, and for a time to take the lead among the silver- 
producing countries of the globe. The first discovery of this 
metal iu Bohemia dates back as far as the seventh century ; 
and in the tenth the Rammelsberg in the Hartz Mountains 
began to yield its still unexhausted treasures. In the twelfth 
century the silver mines of Saxony and Hungary were dis- 
covered, and at a much later period those of Kongsberg in 
iSTorway. 

Many of these deposits are remarkable for the richness of 
their ores, and for the large masses of native or crystallised 
silver which they have sometimes yielded. From the mine 
of Himmelsfurst, near Freiberg in Saxony, lumps or nuggets 
weighing above a hundred pounds have more than once been 
extracted. The largest single block ever known was dis- 
covered at Schneeberg, in the Saxon Erzgebirge, in the year 
1477. It consisted of silver-glance and native silver, and 
measured no less than seven yards in length and three and 
a half in width. On hearing of this magnificent prize, Duke 
Albrecht of Saxony visited the mine, where he eat his dinner 
from the block. Agricola Berm annus relates that, during 
the repast, he exclaimed, ‘ Frederick is a wealthy and power- 
ful emperor, but he has never dined from a table such as 
this.’ The subsequent smelting of this wonderful mass pro- 
duced 40,000 pounds of solid silver. 

Large nuggets of solid silver have likewise been found at 
Kongsberg in Norway. A block weighing 530 pounds, 
which was discovered in 1666, is still preserved as a curiosity 
in the Copenhagen Museum; and as a convincing proof 
that the ancient riches of these northern mines are not yet 
exhausted, a still larger block, weighing 750 pounds, was 
disinterred as late as the year 1834. ^ ^ i 

Though native silver is found in many localities, our chiet 
supply of the precious metal is derived from the ores in which 
it is found combined with other substances, such as silver- 
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glance (snlplinret of silver) ; aiitimonia.1 silvt'r ; red-silvtn' 
(sulplmret of silver and antimony) j liorn silver (chloride of 
silver), &c. A considerable quantity is likewise obtaiiu'd as an 
accessory product from the lead mines, by sc'.parating it from 
the galena or lead-glance, which usually contains a small 
percentage of silver. 

At present the mines of the Austro-Hungarian Empire, 
which in the year 1851 produced 122,950 marks of silver, 
are the richest in Europe. In Bohemia the mines of Birken- 
berg, near Przibrain, yield on an a,v(.‘ra.gc 40,000 marks a ycair, 
considerably more than the celebrated mine of Scdiemnitz in 
Hiingary, which in the year 1854 produced 20,004 marks. 

Prussia obtains from her miiu^s in the Ilariz Momiiains in 
Nassau and the county of Mansfield about 100,000 marks; 
and the kingdom of Saxony, whic.h, in proportion to its 
small extent, holds the first rank among the silver-producing 
countries in Europe, produces annually about 50,000 marks. 
In Great Britain, silver is accessorily obtained from the lead 
mines, to an amount of 524,007 ounces in 1870. Eriuico 
produces 20,800 marks, Svvedim and Norway 0,000 marks, 
and Italy 4,500 ; while Spain, wduch in ancient times en- 
riched Tyre and Carthage with the rich pi'oduco of her silver 
mines, yields at present but an insignificant quantity. 

On adding together the various sums above-mentioned, wo 
find that, exclusively of the Pussian Empire, which obtains 
the greater part of its silver (about 05,000 marks a year) 
from the Altai Mountains in Siberia, the whole annual pro- 
duction of Europe may he esiimatml a,t about 400,000 marks. 

This quantity, large as it is, sinks into comparative insig- 
nificance when compared with the enormous masses of silver 
with which, ever since their discovery and conquest by Cortez 
and Pizarro, Mexico and Peru have enriched the world. 

The Mexican silver mines, which deserve a particular notice 
from the immensity of their produce and the interesting 
details with which their history abounds, are mostly situated 
on tlie back or on the western slopes of the Cordillera of 
Aiiahuac, at elevations which sometimes approach the lino of 
perpetual snow. Bnt little is known of their first history. 
The lodes of Tasco and Pachuca appear to haves been worked 
soon after the conquest, and in 1548, twenty-eight years 
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after tJaG death of Montezuma, the mines of Zacatecas were 
opened, though situated above 400 miles from the capital. 
Muleteers travelling from Mexico to Zacatecas are said to 
have discovered the silver mines of Griianaxuato. 

Many of my readers will no doubt be surprised to hear 
that the Mexican silver ores are generally poor. On an 
average they contain only from three to four ounces of silver 
per cwt., much less than the ores of Annaberg, Marienberg, 
and other districts of Saxony. Their comparative poverty is, 
however, amply redeemed by their abundance and the facility 
with w^hich they are worked. 

After these preliminary remarks I will now briefly describe 
the chief Mexican silver mines. The Sierra de Santa !Rosa, 
a group of porphyritic hills, rises in the centre of the province 
of Gruauaxuato. Partly arid and partly covered with the 
evergreen oak, it attains an absolute height of from 8,000 to 
9,000 feet j but, as the neighbouring plain is nearly 6,000 feet 
above the sea, it hardly attracts the notice of the traveller 
accustomed to the vast proportions of the Andes. 

The southern slope of this porphyritic range is crossed by 
the famous Veta Madre of G-aunaxuato, the richest silver lode 
as yet discovered in Mexico. This enormons vein, which 
traverses the country for upwards of eight miles, with an 
average width of from 120 to 135 feet, is, however, not pro- 
ductive throughout its whole extent ; but the ore occurs in 
branches and bunches, leaving intermediate spaces of dead 
and unproductive ground. Among the numerous mines that 
have been, opened along its course, the Yalenciana exhibited, 
at the beginning of the present century, the almost unparal- 
leled example of a mine which, during a period of more 
than forty years, never yielded its proprietors less than an 
annual income of from 80,OOOZ. to 120,000L The part of 
the Yeta in which it is situated had remained unexplored tiU 
1 760, when Obregon, a young Spaniard, began to work it, 
with the assistance of some friends who advanced him the 
necessary capital. In the year 1766 the diggings had reached 
a depth of 240 feet, and the expenses were far greater than 
the proceeds. But Obregon clung with the passionate ardour 
of a gambler |o the hazardous enterprise on which he had 
staked all his hopes of fortune. In 1767 he entered into 
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partnership with a small shopkeeper, Otero, who was destined 
soon to share the fabulous riches that were about to reward 
his perseverance. Already in the followiii^^ year the produce 
of the mine considerably increased, and in 1771 it began to 
yield enormous masses of sulphurot of silver. From that time 
till 1804, when Hamboldb left Mexico, it never produced 
less than 5GO,OOOZ. worth of silver annually, and the iH‘t 
profits of the partners amounted in some years to 240,000^ 

Under the title of Condo do la Valenciana, Obrc’gon main- 
tained the simple habits and the urbanity of character which 
had distinguished him in iJOverty. When he Ix'gan to work 
his mine, the goats were feeding on the spot wliero ton years 
later a thriving town of 8,000 souls had started into existence. 
Giuumxuato, the capital of the Slate of the su.mo name, is 
indebted to the neighbourhood of tlu‘ richest silver mines in 
the world for its origin and prosperity. Inclosed in a narrow 
valley, its houses rise in terraces one above the other; and 
the contrast of the magnificent abodes of the ri(di mining 
proprietors with the miserable huts of tbeir d(‘peudants adds 
to the singular ai')pearanco of the place. The Mexican miner 
is, however, not so poor as his wretched dwelling might loud 
us to suppose. In some measure ho shares the fortunes of the 
proprietors of the mines, as he is entitled to part of the ore ; 
so that when the vein is more than usually produc.tive his 
weekly profits may amount to as much as a hundred dollars. 
Yet he never thinks of purchasing a piece of land, or of re- 
pairing his hnt, when favoured by fortune; but foolishly 
squanders his money in drinkiTig and gambling, and seldom 
returns to his work before his last farthing has been spent. 

The population of Guana xuato naUirally tluotuates with 
the prosperity of the mines. In 180G and 1807, when they 
were in the highest state of activity, it amounted to 90,000 
souls ; during the wars of independence it sank to 20,000, 
but since then it has again risen to 60,000. 

Next to the mines of Guanaxuato those of Zacatecas are 
distinguished by their richness. They are likewise situated 
on the great central plateau of the cordillera in a wild moun- 
tain region whose forbidding aspect forms a strange contrast 
to the riches concealed under its surface. In 1826 the 
United Mexican and the Bolanos Company undertook the 
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working of these mines ; and two years after the lattter had 
the good foi'tune to find an exceedingly rich vein, which np 
to the year 1834 produced no less than 1,680,316 marks of 
silver. 

Before 1'770 the populons district of Alamos de Catorce in 
the State of San Luis de Potosi, was still a complete desert. 
About this time a free negro, named Milagros, who made 
a scant livelihood as an itinerant musician, having lost his 
way, was obliged to pass the night in the forest. On the 
following morning he found a few drops of silver on the spot 
where he had made a fire, and, on a closer examination, dis- 
covered the rich cropping-out of a bed of argentiferous ores. 
He lost no time in establishing the right of property which 
he derived from his discovery, and opened the shaft Milagros, 
which, in a few years, made him a wealthy man. 

Soon after Lon Barnab4 de Zepeda discovered the chief 
vein of Catorce— the Veta Madre — which continued to be 
worked with great success until the revolution. This event 
having proved as destructive to the draining machines of 
Catorce as to those of Gruanaxuato and Zacatecas, a contract 
was made with an English house for the furnishing of a 
steam-engine, the first 'ever seen in Mexico. It was landed 
at Tampico in May 1822, but arrived at Alamos six months 
later, as the carts which dragged the heavy piece of machinery 
broke down every moment on the wretched roads which lead 
to the central plateau on which the mines are situated. This, 
however, was but the prelude of new difficulties ; for as the 
neighbouring forests could not furnish wood fit for the pur- 
pose, it was necessary to order iron pump- tubes in England, 
which did not arrive before 1826, so that the engine could 
not be set to work until four years had passed after its arrival 
in Mexico. The history of Catorce affords many remarkable 
examples of good fortune ; but as most of the rich mineros 
(mine-proprietors) were men of low birth and without 
education, they squandered their treasures as fast as they 
acquired them. Medellin, the proprietor of the mine Dolores, 
once spent 36,000 dollars on a christening party; and at 
times, when the share of the hewers amounted to one-third 
of the extracted ores, a common miner would stake two or 
three thousand dollars on the issue of a cock-fight. 
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Among the first settlers at Oatorco was an ecclesiastic 
named I’lores, who bonglit for 700 dollars a nowly-opeiied 
mine, which received the significant name of ‘ La Bolsa de 
Dios Padre,’ or ‘ God the Father’s Money-Bag.’ 

ISTever was a small capital more profitably invested, for, a,t 
a depth of about twenty yards, a deposit of sneli enorinons 
richness was discovered that in less than iln*ee years the 
profits of Padre Flores amonnted to three millions and a half 
of dollars. 

The mines of Pachnea, Beal del Monte, and Moran, began 
to be worked soon after the conquest. The Vet a de la Bis- 
cayna, the chief vein of the district, yielded immense profits 
from the sixteenth to the beginning of the eightetmth century, 
when, in consequence of insufficont drainage, the mine's wer<} 
drowned. An enterprising hidalgo, Dan Jose Bustamonte, 
then began to drive a draining gallery, 7,000 feet long, 
which, however, was only finished afttn* his d(*atU bj'' his 
partner, Don Pedro Terreros, a mcrclnuit of Quiu’etaro. Its 
immense cost was a-mply repaid, for TerrtU’os ejkt.ractc'd no 
less than fitteen millions of dollars from the iniiu', and was 
ennobled under the title of Condo do la Begla. His lib(u*ahty 
was worthy of his wealth, for besides a gift of two shii)s of 
the line — one of them of 112 guns — to King Charles 111. of 
Spain, he lent the court of Madrid a million of dollars, which, 
it is almost superfluous to remark, wore mwer repaid. He 
built tliG enormous factories of Ija Begla a.t a ('ost of more 
than 400,OOOZ., and loft his children a property rivalling that 
of tho Condo do la Yalonciana. Since 1774, liowever, the 
profits of the Biscayna, which was now work(‘d BOO feet below 
the adit, began to diminish ; fur though it still continued to 
yield enormous quantities of ore, the water llowod in so 
abundantly that twenty-eight haritels,* each requiring forty 
horses, and worked at an expense of 2,0002. per week, was 
incapable of mastering it. At the death of ilu^ old Condo 
• the works were abandoned, until 1791, when his heirs once 
more set all the baritels in motion; hut the. proceeds not 
covering tho expenses, tho works wore again abandoned. 

In tbo year 1824, when the frenzy of mining speculations 

A very primitive contrivanco for raising tho water in skin hags. 
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was at its lieiglit, a company was formed in London, witli a 
capital of 400,0002., for tlio pimposo of worlcing tlie mine of 
Tlalpnjalina, iii tlic State of Mejoacan, wliicli liad long since 
been abandoned. Without any accurate information, a num- 
ber of suporvisora n.nd workmen were sent to the spot in 1826, 
when they found all the mines under water. Yet, in spite 
of this rather unpromising state of affairs, the company, not 
satisfied with its first acquisitions, entered into new engage- 
ments, so that at the end of 1825 it had contracted for no 
less than eighty mines, for which it bound itself to pay the 
proprietors annuities amounting to more than 50,000 dollars 
during the first three years. Operations were now begun in 
many places at once, but every one of them ended in disap- 
pointment 5 and in 1828 the company, after spending every 
farthing of its capital, vanished into ‘ airy nothing,’ abandon- 
ing the mines to their original proprietors, and leaving the 
ill-fated shardiolders to mourn over their credulity and folly. 

Bubsoqiiently another English comi^any undertook the 
wox'king of tluj miin^s of Real del Monte, and after spending no 
less than 15,2Hl,():lJl dollars, against a produce of 30,481,475 
dollars, was disolved in 1848. Mr. Buchan now undertook the 
management for a Mexican company, and almost immediately 
struck the great Rosario vein, which opened a long career of 
prosperity, and yielded a j)rofitof a million of dollars in 1807. 
Every fortnight a conduciia, or escort, of one hundred and fifty* 
armed men * conveys the silver, in bars of seventy pounds, 
inclosed in an iron safe, to tbe capital. 

It would bo vain to sock in the Mexican mines for the 
scientific arrangement which is to bo found in most of the 
English or (b'rinan subterranoan workings. One of their 
(diiof faults consists in a want of coramuiiication between 
their various parts, so that they resemble those ill-arranged 
houses where, to go from one room to another, one is 
obliged to traverses long and crooked i)aasages. Hence the 
impossibility of iutrodticing in most of the mines an econo- 
mical iratisport by means of tranu’oads and waggons, and 
benoe also the necessity of conveying the ore to the surface 
by human labour. TIio native Indijins, however, are ad- 
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mirable carriers, for they will cKinb steep ladders, witb 240 
to 880 pounds, and perform this hard work for six hours 
consecutively. Their muscular strength seemed truly as- 
tonishing to Humboldt, who, though of a vigorous constitu- 
tion and having no weight to carry but his own, felt him- 
self utterly exhausted after ascending from a deep mine. 

Most of the Mexican silver is extracted from the ores by • 
the process of amalgamation. For this purpose the ore is 
first crushed either by rollers, or, more generally, by stamps, 
called in Mexico molinos, which in principle resemble those 
used in the tin mines of Cornwall, but are not so powerful, 
and are worked either by water-power or by mules. 
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The crushed ores are then conveyed to the arrastres, or 
grinding-mills, which are usually arranged in rows in a 
large gallery or shed. The ore, having been brought into a 
finely divided state, is next allowed to run out of the arrastre 
into shallow tanks or reservoirs, where it remains exposed 
to the sun until it has the appearance of thick mud, and in 
this state the process is proceeded with. The lama, as it 
IS called, or slime, is now laid out on the patio, or amalgama- 
tion floor (which is in some places boarded, and in others 
paved with flat stones), in large masses called tortas, from 
forty to fifty feet m diameter, and about a foot thick : and 
so extensive are the floors that a large number of these 
tortas are seen in progress at the same time. When the 

operations 

necessary to produce the chemical changes commence. The 
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first ingredient introduced is salt, in the proportion of fifty 
pounds to every ton of ore, and a number of mules are made 
to tread it, so that it may be dissolved in the water and 
intimately blended with the mass. On the following day 
another ingredient is introduced, called in Mexico magistral. 
It is common copper-pyrites, or sulphide of copper and iron, 
pulverised and calcined, which converts it into a sulphate. 

About twenty-five pounds of this magisbral are added for 
every ton of ore in the torta, and the mules are again put in, 
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and tread the mass for several hours. Chemical action now 
commences, and new combinations between the decomposed 
mineral substances are in progress. Quiclrsilver is then 
introduced, being spread over the torta in very small 
particles, which is effected by passing it through a coarse 
cloth. The quantity required is six times the estimated 
weight of the silver contained in the ore. 

The quicksilver being spread over the surface, the mules 
are once more put in, and tread the whole until it is well 
mixed. Great skill is now required to watch the progress 
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of tlie amalgamation, and to decide wlietlior any one of^ tlie 
ingredients that have been added to the ore is in deficiency 
or excess. 

The amalgamating process being at length ended, the 
mass is washed in large vats, through which streams of water 
are made to' pass, so as to drive away the ligliter particles of 
the mnd and to leave the heavy amalgam at the bottom of the 
tub. After being strained through the strong canvas bottom 
of a leathern bag, in order to separate the superfluous 
mercury, the amalgam is finally heated in largo retori.s, 
when the quicksilver is volatilised and the pure silver remains 
behind. As a considerable quantity of mercury is thus 
lost, this metal has always had a groat influence on tlin 
working of the Mexican mines. When, in times of war, the 
importation of quicksilver from Europe was stopped, thus 
causing a considerable increase in its price, the ores 
accumulated in the magazines, as their poverty made it 
impossible to meet the additional expense j and then it 310 1 
nnfreqnently happened that proinietors, posscissing ori^s to 
the amount of several millions of dollars, were unable to }>ay 
their current expenses. In the last century, the Mcxi(;an 
mines annually required sixteen thousand hundredweight of 
mercury, which was furnished chiefly by the mines of 
Almaden, Hnancavelica, and Idria. The sale of m(n’eury to 
the various mining proprietors was a Government monopoly. 

The quantity of silver produced by the Mexican tnines in 
110 years, ending with the first year of the present century, 
amounted to about ninety-eight millions of pounds troy, and 
the total value of the gold and silver produced from 1(580 to 
1803 to about 285 millions of pounds sterling. 

The production was most abundant in Iho years 1805, 
1806, and 1809, when it reached the sum of twenty-six and 
twenty- seven millions of dollars. It then full enormoiiKly 
during the revolutionary wars ; hut the English mining mania 
of 1824 having furnished the necessary capital for the re-open- 
ing of a large number of mines, it again gradually rose, and 
even reached during some years the rate of its most fionri sir- 
ing period. But it never amounted to one-third of the value 
which is now annually extracted from our ccal mines ; and 
while the latter open now and unbounded sources of wealth 
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^y . tj®, fctivity they comiminicate to namherless branches 
of ijidusti'y, Mexico—a prey to bigotry, ignorance, anarchy, 
a.ncl sloth — ^remains, in spite of her silver mines, as poor and 
as barbarous as ever. 

In South America, the mines of Potosi, Oerro di Pasco, 
and Ginalgaoc, are the most renowned for their richness. 
In 1545, an Indian, while pursuing some deer along the 
declivity of a steep mountain, took hold of a shrub, the 
roots of which, giving way, brought to view a mass of silver, 
the first discovery of the riches which have rendered Potosi 
the proverbial symbol of wealth. The Indian, wisely con- 
cealing his good fortune, repeatedly visited the mine, but 
his improved circumstances having been remarked by 
one of his countrymen, he was obliged to take him into the 
secret. Unfortunately a quarrel ensued, and the faithless 
confidant betrayed it to his master, Don Jos6 Yillaroel, a 
Spaniard, whose extraordinaiy success in working the mines 
soon drew the attention of all America to the wild Cerro di 
Potosi. A town of 100,000 inhabitants soon rose in the 
desert, in spite of the wintry inclemency of the climate 
(1 2,842 feet above the level of the sea) and of the fabulous 
prices of provisions, as all the necessaries of life had to be 
conveyed from a vast distance over the pathless mountains. 

But if living in Potosi was extravagantly dear. Mammon 
took care to provide his votaries with the necessary means ; 
for the treasures which were here extracted from the bosom 
of the earth seem rather to belong to the world of Oriental 
romance than to that of sober reality. According to Hum- 
boldt, the mountain of Potosi, whose topmost mine is situ- 
ated 15,384 feet above the level of the sea — considerably 
higher than the eternal snows of the summit of Mont Blanc 
— produced from 1545 to 1803 no less than 230,000,000z. 
besides the silver which was not registered, or had been 
carried off by fraud, and which may probably have amounted 
to as much again. During the period of their greatest 
inosperity— from 1585 to 1(506 — ^when they annually yielded 
882,000 marks of silver, 15,000 Indians were occupied in the 
mines of Potosi. At present, however, their produce, though 
still considerable, has diminished to one-eighth, and the 
population of the town has shrunk in the same proportion. 
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The ores were at first reduced in a very imperfect manner, 
according to the old Indian method. On the mountains 
surrounding the town of Potosi, wherever the wind blew 
with sufficient force, portable smelting ovens of clay, in which 
numerous holes kept up a strong current of air, received 
alternate layers of ore and charcoal, and the lively blast 
soon separated the metal from the dross. The first travellers 
in the Cordillera describe with enthusiasm the magnificent 
aspect of more than 6,000 fires, which every evening blazed 
on the mountain crests of Potosi. Amalgamation was first 
introduced about the year 1571. 


On the bleak Puna, or high table-land between the 
parallel chains of the Cordillera and the Andes, is situated 
the famous mining town of Pasco. Surrounded by a 
crescent of steep and naked rocks, its straggling buildings 
extend over an uneven ground, bordered by small marshes 
and lagunes. The shivering traveller, descending from the 
windy heights, is at first agreeably surprised by the sight 
of a large town in the midst of these dreary solitudes j but 
a nearer inspection of its narrow crooked streets, and of 
its miserable huts, with here a.iid there a stately mansion, 
soon dissipates the fancies he may have formed at a distance! 

_ The wild, forbidding aspect of the neighbourhood, and the 
rigorous climate, only a short day’s journey from the love- 
liest vaheys, prove the greatness of the subterranean trea- 
sures which could induce so large a population to settle in 
so inclement a region. 

The mines of Pasco, lil^e those of Potosi, were disoovered 
it 18 said, hy an Indian shepherd, who, accidentaUT lighting 

Tr T tHe 

“ aat thr Tl branches, 

so (hat the whole neighbourhood may be considered as 

ri“ft°oAhe entrances 

to most of the mines are situated in the town itself- and 

are woriced m sloTenly a manner that they freuuent y faU 

on half-rotten steps or ^.yLnlderi^S’^d'rurth 
he returned again to daylight without accident, and menus’ 
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an instance wliere three hundred workmen were buried in 
the ruins of a mine, in which, the necessary props had been 
shamefully neglected. 

When a mine is very productive, it is said to be in ‘ boy a ; ’ 
and when such periods of afluence take place in several of the 
mines at once, the population of Pasco sometimes increases 
to double or treble the usual number. The Peruvian miners 
are no less dishonest than their feUow-workmen in Mexico, and 
equally cunning in robbing their employers. On the other 
hand their patience and perseverance are unrivalled. Satisfied 
with the coarsest food, and with a still more miserable hut, 
they undergo an amount of bodily toil which no European 
could endure. Their only solace is the chewing of Coca, the 
mysterious plant to which they ascribe such wonderfully 
stimulating powers, and which has at length begun to awaken 
the curiosity of European chemists and naturalists.* When 
a ‘ boya ’ raises their earnings to a considerable sum, they 
spend it in drunkenness, and never think of returning to 
their work until their last farthing or their last credit is 
exhausted. The mineros, or proprietors of the mines, are 
almost equally uncivilised. Passionately devoted to gam- 
bling and mining speculations, they are commonlj^ deeply in 
debt to the capitalists of Lima, who advance them money at 
the rate of 100 and 120 per cent. ; and when a ‘ boya ’ favours 
them, this sudden increase of wealth is merely the prelude 
of new embarrassment. 

According to law, all the produce of the silver mines should 
be sent to the Callana or Government smelting-house j but 
in order to avoid the heavy duties levied by the State, vast 
quantities are smuggled to the coast. The annual produce 
registered at the Callana amounts to about 300,000 marks, 
but perhaps as much again is exported in a clandestine 
manner. Besides the mines of Pasco, Peru possesses many 
others of considerable value, situated chiefly in the provinces 
of Pataz, Huamanchuco, Caxamarca, and Gualgayoc. 

The famous Cerro de San Fernando de Gualgayoc, fourteen 
leagues from the town of Caxamarca, is an isolated mountain 
traversed by numberless veins of silver. Its summit is sharply 

The sevente^ntli chapter of ‘The Tropical World' is devoted to the Ery- 
throxylon Coca. 
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seiTatod bya multitude of tower-like or pyramidal piuua eles^ 
and its steep sides are not only pierced by seroral bundled 
galleries for tbe erti-action of the ores, bat also by many natu- 
ral openings or carerns, through which tbe dark blue sky is 
visible to the spectator standing at the foot of the mountain. 
The singularity of aspect is increased by the numberless 
huts sticking like nests to the slopes of the fortress-lilre 
mountain wherever a ledge aUowed them to be constructed. 
During the first thirty years after the discovery of the mines 
from 1771 to 1802, they yielded considerably more than 
thirty-two millions of dollars, and are still very productive. 

One of the most celebrated silver mines of Pern was that of 
Salcedo, renowned alike for its richness and for the tragical 
end of its possessor. Don Jose Salcedo, a poor Spaniard who 
had settled in Puno, fell in love with an Indian girl, whose 
mother, on condition of his marrying her dangher, revealed 
to him the existence of a rich silver lode. The fame of 
Salcedo’s wealth spread far and wide, and excited the envy of 
Count Lemos, the viceroy, who sought to obtain possession 
of the mine. As the good-natured and liberal Salcedo had 
become very popular among the Indians, tliis circumstance 
was made use of hy the rapacious viceroy to accuse him of 
fomenting among the natives a spirit of rebellion against 
the Spanish yoke. He was cast into a dungeon, and the 
obsequious judges condemned him to death. 

While in prison Salcedo begged the viceroy to submit tlie 
case to the high court of justice at Madrid, and to allow him 
to appeal to the mercy of the king, At the sa.me time he 


offered, as an acknowledgment for, this favour, to give the 
viceroy daily a bar of silver, from the day the ship left the 
port of Callao to its return from Europe. If we consider that 
in those times a journey from Peru to Spain and back required 
at least from twelve to sixteen months, we may form some idea 
of Salcedo’s wealth. The viceroy, however, would not listen to 
the proposal, the ve:pr hrUliaucy of which probably inflamed 
still more his cupidity, and he ordered Salcedo to be hung. 
But his cruelty met with the disappointment it deserved ; for 
when it became known that nothing could save Salcedo, his 
Indian friends destroyed the works of the mine^ and so ca,re- 
fully concealed the entrance that it has remained undis- 
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covered to the present day. After performing this work of 
retributioiij the Indians dispersed, and neither promises nor 
tortures could wring the secret from those that were caught. 

Though the mines of Peru have yielded and still yield vast 
quantities of silver, yet probably only a few of the richest lodes 
are worked ; for the Indians, to whom other lodes are well 
known, will never reveal their existence to the wldte men. 
They Imow by experience how small a benefit they derive 
from the mines, which are to them but a source of severe 
labour. Thus they prefer leaving the treasures of the earth 
undisturbed, or use them only in cases of extreme necessity. 
Ill many provinces undoubted proofs exist that the richest 
silver mines are secretly worked by the Indians, but aU efforts 
to discover them have proved fruitless. 

A Prancisean monk at Huancayo, a desperate gambler and 
almost always in want of money, had by his friendly manners 
gained the goodwill of the Indians. One day, after a severe 
loss, he bitterly complained of his distress to one of his Indian 
friends. After some hesitation the man promised to assist him, 
and brought him on the following evening a bag full of rich 
silver ores. This gift he repeated several times. But the 
monk, greedy after more, begged the Indian to show him the 
mine — a request which, after repeated refusals, was at length 
reluctantly granted. On the appointed night, the Indian, with 
two of his comrades, came to the Pranciscan’s dwelling, took 
him on his shoulders, after first carefully blindfolding him, and 
carried him, alternately with his friends, a distance of several 
leagues into the mountains. Here they halted, and the Fran- 
ciscan’s bandage having been removed, he found himself in a 
subterranean gallery, where the richest silver ores sparkled 
from the walls. After feasting on the grateful sight and 
filling his pockets, he was carried back again in the same way. 
On his return he secretly loosened the string of his rosary, 
and let a bead drop from time to time, hoping by this means 
to be able to find the mine. But, on the following morning, 
as he was about to reconnoitre, his Indian friend knocked 
at the door, and saying, ‘ Father, thou hast lost thy rosary ! ’ 
brought him a whole handful of the loose beads. 

In 1850 the, mines in the province of Copiapo in Chili 
yielded 835,000 marks of silver, nearly as much as the entire 
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production of Europe, and the State of ISTevada in North 
America hids fair to rival the riches of Peru. The ores are 
found on the eastern slopes of the Sierra Nevada, in the 
region of the Carson River, and have since 1859 attracted a 
stream of emigrants to the Washoe Mines. The Comstock 
Lode (which in 1872 produced 13,569,724 dollars) may be 
ranked among the richest mineral deposits ever encountered 
in the history of mining enterprise, and recently a new lode 
has been discovered in Nevada by Mr. Deidesheiiner, a Frei- 
berg miner; the value of which is estimated at no less than 
1,000 million dollars ! 

Thus we find veins and deposits of silver ore scattered 
throughout almost the entire length of America; and no 
doubt many an unknown Potosi still lies concealed in the 
lonely ravines or on the bleak sides of the Andes and Rocky 
Mountains, awaiting but some fortunate discoverer to astonish 
the world with its treasures. 
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CHAPTER XXVI. 

COPPER. 

Ite valuable Qualities — English Copper Mines — ^Their comparatively recent Im- 
portance — ^Dreaiy Aspect of the Corn-wall Copper Country — ^Botallack — Sub- 
marine Copper Mines— A Blind Miner — Swansea — Smelting Process — ^The Mines 
of Fahlun — Their Ancient Records — Alten Fjord — ^Drontheim — The Mines of 
Rivaas — The Mines of Mansfeldt — ^Lake Superior — Mysterious discoveries — 
Burra Burra — ^Remarkable Instances of G-ood Fortune in Copper Mining. 

C OPPER derives its name from the island of Cyprus, where 
it was extensively mined and smelted by the Greeks ; 
but its first discovery is of much more ancient date, and 
loses itself in the darlmess of the pi'ehistoric ages. Weapons 
and tools of bron25e — ^its alloy with tin — have been found 
both in the tumuli of extinct nations and in the lacrustine 
dwellings of the Swiss lakes, erected by an unknown people 
in unknown times. Among the Egyptians, the Greeks, and 
Etruscans, copper was in immemorial usej and the ancient 
Celtic nations fought their battles with copper or brazen 
swords, and felled the trees for the construction of their rude 
hovels with axes of the same metal. 

As in many parts of the world native copper is found 
scattered over the surface of the earth in large lumps or 
masses, it naturally attracted the attention of barbarous 
tribes much sooner than iron, which very rarely occurs in the 
native state; and some fortunate chance or lucky experiment 
having shown that, when rendered malleable by heat, it could 
easily he hammered into any convenient shape, it soon 
became, and has ever since remained, one of the most valuable 
metals. Pormiiig important compounds with tin (bronze) 
and zinc (brass), remarkably incorrodible as compared with 
iron, and nearly as tenacious in structure, but not so bard, 
it is recommended by its qualities for a variety of nses, and 
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its consumption everjwliere increases with the progress of 
civilisation and the extension of commerce. Fortunately 
copper is of such common occurrence that a mere enumeration 
of the localities where it is found would swell into a long 
and tedious list; it is enough to state that rich copper mines 
exist both in the Old World and the New, and promise an ' 
inexhaustible supply to the most distant generations. 

In Europe England is the chief copper-producing country. 
Eich mines have been discovered and worked in Anglesey, 
Shropshire, Cheshire, and Staffordshire ; in the counties of 
Wicklow, Cork, and Waterford; but by far the largest 
quantity is supplied by Cornwall and Devon. 

‘'The history of Cornish copper,’ says Mr. Warner, ‘is as 
a mushroom of last night comi)ared with that of tin. Lying 
deep below the surface of the earth, it would be concealed 
from the inquiries of human industry till such time as 
natural philosophy had made considerable progress, and 
the mechanical arts had reached their present state of per- 
fection; for notwithstanding tin in Cornwall seldom runs 
deeper than fifty fathoms below the surface, good copper is 
seldom found at a less depth than that. Accordingly we do 
not find that any regular researches were made for copper 
ores in Cornwall till the latter end of the fifteenth century, 
when a few adventurers worked in an imperfect manner some 
insignificant mines. Half a century afterwards, in the reign 
of Elizabeth, though the product of the mines would 
naturally be greater than before, yet little advantage seems 
to have been derived to the country at large from the 
working of its copper. Writers hint at the mystery made of 
its uses by the merchants. In the next reign, however, all 
mystery was dispersed, the mines were inspected, their value 
determined, and a system was introduced of working them to 
greater advantage.’ 

Yet so wretched was the knowledge of mineralogy before 
1712 that the yellow copper ore, at present so highly valued, 
was considered of no importance, and cast aside as worthless 
rubbish. Since the reign of George I. there has been so 
much improTement that, next to iron and coal, copper is 
now the most important of our mineral products. 

The chief Cornish copper mines are situated in the districts 
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of Camborne, Eedrutli, and Gwennap, wHcli are about tbe 
dreariest of all British wildernesses. Pew trees are to be 
seen, few fields j furze and wild berries form tbe chief 
vegetations of tbe niggard soil. Blocks upon blocks of stone 
are scattered over these desolate moorlands, that have been 
•excavated, dug into hillocks, disturbed and turned over and 
over again, sometimes by the primeval stream-w-orks of the 
old meii or ancient miners, sometimes by more modern labour, 
in search of metallic wealth. Off the roads these districts 
are utterly impervious on wheels or on horseback, and the 
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traveller can only walk, or rather flounder, over them by 
jumping from patch to patch of firmer land. Yet this 
scene of apparent poverty is hi reality one of the very 
richest portions of the kingdom, and conceals more wealth 
beneath its sterile surface than has ever been produced by a 
similar extent of the fairest fields and pastures. 

The bluff promontory of Botallack, not far from Cape 
Cornwall, conceals in its rocky entrails a copper mine, the 
most singularly placed, probably, of any mine in the world, 
for nowhere db the triumphs of industry appear in more 
2}icturesque connection with the magnificent scenery of the 
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ocean. The metalliferous veins running along the cliffs into 
the sea vainly concealed themselves beneath the swelling 
surge; in vain a huge barrier of rocks seemed to rtnider fhein 
inaccessible to the miner, as soon as it became known fliat 
here, buried under the ocean, lay treasun's that would 
amply repay the cost and labour expended, ami tlu'. datigcT 
encountered in seeking for them. 

To those who stand below the cliff and lo(>k up from tluj 
sea, the view is fearfully grand, and remarkiibU^ for flu’s com- 
bination of the wonders of art with the wt)n(lcrs of naiiu'c. 
The separate parts of an enormous steam-crngiiu} had to b(k 
lowered 200 feet down the almost perpend iinilar prt'cipi(‘(‘, 
and a tram-road runs right up the face of tlie cliff*. Lofly 
chimneys, pouring out dense volumes of black Hmok(% nr('. Hccn 
perched on the verge and even on the ledgCH of a tnnnt'ndouK 
precipice, and the miner has built his hut over tlu' Him-hird'H 
roost. All these constructions seem at tlH\ m(*rey of ('veuy 
storm, and to the beholder from beneath tlu‘y almost appiMir 
suspended in the air and tottering to their fall. 

On one side of the cliff tall ladders scale fhe rock ; but Im 
must have strong nerves who can tread ilumi A'urleHHly, flu^ 
sea roaring under him and flinging its raging apray nfha* 
him as he ascends, while in other parts muh's and fbeur 
riders may be seen trotting up and down ilui roedey tracks 
which the pedestrian visitor would scarcely darc^ to j)aHH, A 
strange and restless life pervadc^s a scamo whi(‘h nature 
seemed to have for ever removed far from the busy haunts of 
man. 

A visit to this remarkable miuo l(‘av<*H an immaditcable 
impression on the mind. Descending ladder after laddtu% and 
passing on from gallery to gallery, stepping ovey rough stoiu's 
and awkward holes, now stooping down under nmssc's of 
overhanging rock, and now climbing over stony pnycH'tiouH 
beneath your feet, you are at length informed that yon am 
vertically 120 feet below the sea-levol, a,ud horizontally 4H() 
eet under the bottom of the ocean or beyond low~waft*r mark, 
while still deeper down human beings arc; lu'wing the hard 
rock The brine oozes through the metallic ceiling, and the 
sound of distant waters falls faintly upon xhexear. 

There are other submarine mines in the neighbourhood of 
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Botallack. In Little Bounds and Weal Cock tke hardikood 
of tke miners tempted tkem to follow the ore upwards, even 
to the sea ; but the openings made were very small, and, the 
rock being extremely hard, a covering of wood and cement 
in the former, and a small plug in the latter mine, sufficed to 
exclude the water, and protected the workmen from the fatal 
consequences of their rashness. ‘ In all these, and in Wheal 
Edward and Levant,’ says Mr. Henwood,* ‘ I have heard the 
dashing of the billows and the grating of the shingle overhead 
even in calm weather. I was once, however, underground in 
Wheal Cock during a storm. At the extremity of the level 
seaward, some eighty or one hundred fathoms from the shore, 
little could be heard of its effects, except at intervals, when 
the reflux of some unusually large wave projected a pebble 
outward, bounding and rolling over the rocky bottom. But 
when standing beneath the base of the cliff, and in that part 
of the mine where but nine feet of the rock stood between us 
and the ocean, the heavy roU of the large boulders, the cease- 
less grinding of the pebbles, the fierce thundering of the 
billows, with the crackling and boiling as they rebounded, 
placed a tempest in its most appalling form too vividly before 
me ever to be forgotten. More than once, doubting the pro- 
tection of our working shield, we retreated in affright, and 
it was only after repeated trials that we had confidence to 
pursue our investigations.’ 

It seems that at times of great storms, even the miners, 
accustomed for years to these submarine caverns, have been 
terrified by the roaring of the sea. They have heard, as it 
were, mountain dashing against mountain, or as if all the 
artillery of England was booming over their heads. Yet their 
roof of rock, thin as it is in some parts, has hitherto shielded 
them against the sea, and will no doubt continue to defend 
them against it. On leaving these wonderful submarine 
excavations’, the scenery of the upper world appears doubly 
beautiful. 

The ^ Traveller Underground ’t tells us a remarkable story 
of a blind man who once worked in BotaUack, and continued 
his perilous toils underground for a long period, from the 

♦ ‘ Transactions of tlie Boyal Geological Society of Corn-wall,’ vol. v. p. 11. 

t ‘ Oox'uwall, its Mines and Miners,' London, 1860. 
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dretid of being compelled to accept parish relief. By the 
fruits of his labour he supported a family of nine children ; 
and such was his marvellous recollocfcion of every turning and 
winding of the mine, that he became a guide to his follow- 
labourers if by any accident their lights were extinguished. 
On being discharged from this employment (and they must 
truly have had rocky hearts who did discharge him), this 
poor blind man soon afterwards mot his death in a melan- 
choly manner. Being engaged as attendant on some brick- 
layers, who were building a house at St. Ives, ho had to 
carry the hods of mortar up to the scalTolding. Stopping 
'too far back from a platform, he fell, and died almost im- 
mediately. 

The chief copper ores of Cornwall are the bisnlplmrot (con- 
taining nearly equal parts of copper, sulphur, and iron), tlu^ 
sulphuret, or grey ore of the miners (containing more than 70 
per cent, of copper), and the black ore, an almost pure oxide ; 
but when extracted from the mine, tbeso ores are goiun’nlly 
so mixed up with impurities that their average contemts do 
not amount to more than or per cent. They Inivo con- 
sequently to undergo various imocosses of picking, crushing, 
sorting, and washing, before they are rendorc'd saleable a.nd 
fit for export to the smelting works of Swansea, the gratid 
emporium for copper. The reason why they are not smelted 
on the spot is that the fuel needed is moi'o bulky than the ore, 
and it is cheaper to bring the copper of Cornwall to the coal of 
South Wales than to take the coal to the coi)per. In Swansea 
— ^but half a century ago a mere hamlet, aiid now a fiourish- 
ing town of 36,000 inhabitants — wo find all the conditions 
needed for the development of a vast industry. Coal and 
water-power in inexhaustible abundance, excellent roads 
and railroads, the nearness of the sea,, canals whitjh allow 
vessels of considerable burden to load and unload close to the 
smelting lints, so that their high masts rise alongside of the 
towering chimneys— these a,ro the natural and artifitnal 
advantages to which Swansea owes its rank as the first 
copper manufacturing town in the world. 

For, not satisfied with the abundant ores of Great Britain, 
its smelting works seek their materials in almost every coppor- 
prodneing country of the globe. The rich ores of Chili and 
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Australia, of Cuba and l^ortb America, of Norway and Tus- 
cany, of Spain and the Cape, all find their way to Swansea, 
which re-exports the metal to erery part of the world. 

Since the last ten years the production of copper in the 
United Kingdom has considerably decreased. In 1864, 201 
mines yielded 214,604 tons of ore, from which 13,302 tons 
of copper were smelted ; while in 1873 the 122 mines then 
working only produced 80,188 tons of ore, which yielded 
0,240 tons of copper. The total quantities of British and 
foreign copper ores and regulus smelted, and copper pro- 
duced, in England and Wales in 1873 amounted to 481,413 
tons of ore and 31,996 tons of copper. In the same year 
the total export of unwrought British copper amounted to 
12,896 tons, and of foreign unwrought and part wrought 
copper to 20,213 tons. 

The whole smelting process is carried on in reverberatory 
furnaces.* In order to disengage the sulphur and other 
volatile impurities, the ore is first roasted in these power- 
ful ovens, each of which holds forty hundredweight, and 
performs its oflS.ce in six hours. The roasted ores are then 
mixed with a certain proportion of fluor spar, and smelted in 
smaller reverberatory furnaces. A ton is introduced at a 
time, and in each oven seven tons can be smelted in twenty- 
four hours. It would lead me too far were I to enter into 
more minute details. I will therefore briefly state that the 
copper is still obliged to pass four times through diflferently 
constructed furnaces before it is sufiiciently pure to be rolled 
into sheets or to be granulated — a condition in which it is used 
for the fabrication of brass, as it then presents more surface to 
the action of the zinc, and combines with it more readily. To 
produce this granulation, the metal is poured into a large ladle 
pierced with holes, and placed above a cistern filled with water, 
which must be hot or cold according to the form of the grains 
required. When it is hot, round grains are obtained, analo- 
gous to lead shot, and the copper in this state is called hean 
shot. When the melted copper falls into cold water per- 

*■ A Mverberatory furnace is a furnace in -which intense heat is produced hy n 
flame -which, -while passing through a furnace, reverberates from the roof over the 
substance to he fusect the draright being created hy means of a lofty chimney. 

T 
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petually renewed, tlie granulations are irregular, fcMu, and 
ramified, constituting shot. 

The process of preparing the C023per does not i)resent the 
bustle and activity nor the glare and brilliancy of an ironwork. 
The smoke and vapour disengaged from the ore are of the most 
noxious and disagreeable kind, and impart to the whole neigh-, 
bourhood a singularly gloomy character. The stunted vege- 
tation is so kept down by it that there are no trees ; and, 
instead of grass, a dry, yellow, sickly growth of chamomile 
barely covers the ground. When viewed from a neighbouring 
eminence at night, the livid glare from the chimneys, the 
rolling white clouds of smoke which fill up the valley beneath, 
the desolate-looking heaps of slag, and the pungent sulphurous 
vapours, remind the spectator of 

‘ The dismal situation, -waste and wild, 

The dungeon horrible on all sides round,' 

where Satan lay weltering after his fall from heaven. 

After England, Sweden, Germany, and Russia take the 
lead among the copj)er-producing countries of Europe. 

The mines of Eahlun in Dalecarlia are no less remarkable 
for them picturesque appearance than the celebrated iron 
mines of Dannemora in the same province. A vast pit, 
1,200 feet long, 600 feet broad, and above 180 feet deep, 
with precipitous, sometimes vertical, and occasionally even 
overhanging walls, opens before the spectator, who might 
fancy himself standing on the brink of an enormous crater. 
‘The aspect of this deep chasm, ^ says Professor Haussmann,* 

‘ affords a desolate picture of ruin caused by improvidence and 
waste, as it owes its origin to the successive fallings in of 
subterranean excavations carelessly widened and left without 
sufficient supports. Prom the vast mounds of rubbish accu- 
mulated at the bottom of the pit, remnants of ancient shafts, 
formed of thick beams of wood, are seen protruding, but 
these show only a part of the devastation produced by the 
great falling in which took place in the year 1678. On the 
northern side of the pit is a broad and convenient wooden 
staircase, by which not only the miners, but also the horses 
used for working the subterranean machinery, descend to 

* ‘ Geological Travels through Sweden.’ 
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the bottom. Thence it gradually winds nndergronnd to a 
depth of 177 fathoms. 

As is generally the case in Sweden, the ore of Fahlun forms 
considerable masses, the chief being a vast reniform lump 
1,200 feet long and 600 broad at its upper surface, and gra- 
.dually narrowing as it descends, linear this gigantic siocifc are 
situated similar deposits, which though of smaller dimensions 
are still very considerable. From the copper pyrites being de- 
posited chiefly on the circumference or the outer shell of these 
reniform masses, which are themselves of extremely irregular 
outline, the mining operations are carried on 'with great diffi- 
culty, and exhibits a perfect labyrinth of crooked and wind- 
ing galleries, situated at various depths, and supported by 
pillars or sometimes by walls — a peculiarity which explains 
the successive fallings-in that have formed the enormous pit 
of Fahlun . The mine has been worked from time immemorial, 
and is said to have been known even before the Christian era. 
The oldest document extant bears the date of the year 1347, 
and contains the privileges granted to the proprietors of the 
mine by King Olaus Smek j but still more ancient documents 
are mentioned, among others a purchase-deed of the year 1200. 
As the ores are poor, their abundance alone renders the work- 
ing of the mine profitable, and though it appears to have 
seen its best days it still furnishes a considerable part of the 
entire production of Sweden, which in 1871 amounted to 
33,426 cwt. During its greatest pi-osperitj Fahlun is said 
to have yielded 6,000 tons of copper annually. 

In 1719 a body, preserved from corruption by the vitriolic 
water with which it had been saturated, was found in an 
abandoned part of the Fahlun mines. When it had been 
brought up to the surface, the whole neighbourhood flocked 
together to see it ; but nobody could recognise a lost friend 
or kinsman in its young and handsome features. At length 
in old woman, more than eighty years of age, approached with 
tottering steps, and casting a glance on the corpse, uttered a 
giercing shriek and fell senseless on the ground. She had 
nstantly recognised her affianced lover, who had mysteriously 
lisappeared more than sixty years previously, hut whose 
mage she still bore in her faithful memory. As he was not 
nnployed in the mines, no search had been made for him 
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niidergroTind at tlie time. Most x’>roI){i.Wy ho liad fallen, l)j 
some accident, into one of tlie iiiimeronH crcndces by whieli 
tlie surface of tlie mines is traversed. Tims tlio totiering 
woman, weighed down with the double burden of inlirmily 
and age, saw once more the face of her lover as she had 
looted upon it in the days of her youth. 

In the sister kingdom of Norway, whioh in 1871 exported 
676,000 cwt. copper ore, and x)rodnced 10, 4-00 cwt. copper, 
the mines of the Alton Fjord arc reuuirkable for their liigh 
northern situation (70® N. Tjat.). A xiieco of copper ore 
found by a Lap woman in 1825 fell accidimtally into the 
hands of Mr. Crowe, an Fnglish mcu’chaut in llamnnu’fest, 
who immediately took mea.sures for obtaining a privibige from 
Govormnent for tho working of a mine. All xnvlimimiries 
being arranged, ho sot off for Xjoiuhui, where ho fouiuhnl a 
company with a capital of 76,00()Z, When Marmier visited 
the Alten Fjord in 184-2, mor'o than 1,100 workmim were em- 
ployed in these most northerly mining works of tho woidd j 
but ijrobably tho number has since decreased. 

Although Drontheim or Tronyem is renowned in Norse 
history as tho scat of many kings, y(‘t tho town sc'.ems im if 
built but yesterday. Eepcated conllagraiions have ofkm re- 
duced its wooden houses to ashes. Tlio choir of tho auc.ituit 
cathedral, the finest edifice ever bnilb in so high a lai.itudt', 
is the only remaining memorial of old Tronyem ; but tho 
modern city is remarkably oham and w(?ll built, and gives 
evidence, by its outward ax)X)earane(5, of tluv prt)sp(n4ty of ii,s 
citizens, wbich is partly owing to tho fish-trade and partly to 
tho neighbouring copper mines of lloraas. The tall chimneys 
of tho smelting huts and otlu'r manufactories founded on 
the mineral riches of tho comitry show that tho spirit of 
trade is perfectly awake in tho old capital of Saint Olaus, and 
that the abode of tho auoiont soa-kings is none the worse 
for having abandoned piracy for tho more homely pursuits of 
modern commerce. Tho cox>per ores, which were iirst dis- 
covered in 1644, occur in the Iliiraas Mouniaius in extensive 
veins. Tho entrance, which resembles tbo month of a cave 
and leads into tho mine by a gradiial descemt, is so broad 
that carts laden with ore and drawn by l]^)rses can freely 
pass in and out. When Professor Itauasinann, of Gottingen. 
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visited tlie mine, long stalactibes of ice hung from the roof 
of the entrance and covered its rugged walls with crystal 
drax^ery. The lights of the nnmerous workmen who opened 
the march made the ice glitter with all the colours of the 
rainbow, and then, as they went onward, illuminated the broad 
giillorics, i)ropxK'd by mighty pillars, and branching into 
gloomy recesses. i\.t length they halted, and all at once, on a 
given signal, the brilliant illumination was changed into the 
dcexiest darkiK'.SH. A deathlike stillness now reigned in the 
vault, when suddenly a Hash of lightning blazed through the 
gloom, a loud clap of thunder instantly followed, and, with 
crash on crash, the explosions of many charges of blasting- 
powdor shook the walls of the neiglibouring galleries. After 
tlie last shot was lired, the torches were relit, and joyously 
exchanging the usual salutation of German miners : ‘ Gliick 
auf I ’ * the company nruved on. ‘I cannot find words,’ says the 
Professor, in whoso honour the impressive scene had been 
arranged, ‘ to express tho pleasure I felt at this cordial 
reception given mo in the high north by men unknown to 
mo a few days since. It confirmed the experience I had 
already so oftim made before, that probably no j)rofession 
so soon produces a friendly and intimate connexion between 
slrangera us that of the miner.’ 

The copper production of the German Empire has risen 
considerably within the last year, and surpasses at present 
that of tho United Kingdom. In 1870 it amounted to 
175,000 cwt., the works in the county of Mansfeldt alone 
liaving increased from 40,000 cwt. in 18G4 to 110,000 cwt. 
in 1872. Th(^HU c(dcbratcd mines afford a striking example 
of tho success obtainable in mining operations by perse- 
verance and a wise economy. Tho whole thickness of the 
cuprifennm bed of bituiuinous shale is no more than from 
eight to sixteen iiudies ; but as the ore, though poor, contains 
a small (pianiity of silver, this circumstance, assisted by good 
managomeut and the aj)i)lication of science, lias not only ren- 
dtu'ud it possible to work tluj mines for many centuries, but 
i(^ r(mdcr ilunn so nourishing that in 1852 they produced 
1,250 tons of copper and 81,800 murks of silver, leaving a net 

* ‘ Uuixl luck ujnvurdBl ’ or 'A Impiiy rotuvn to dayliglil.’ 
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profit of more than 20,000^. Tlie hewers are obliged to per- 
form their labour in galleries not more than twenty-two or 
twenty-eight inches high, the narrowest limits within which 
a man can possibly move and work. The boys who transport 
the ore slide or creep with a truly wonderful rapidity along 
the floor, dragging after them, by means of a sling attached* 
to their foot, a waggon loaded with as much as five hundred- 
weight of ore. The hewer’s wages for seven hours of this 
hard work are no more than two shillings ; yet the miners 
look very healthy and cheerful, a remarkable proof of the 
wonderful effects of habit. 

The vast empire of Russia produced 92,000 cwt. of copper 
in 1871, chiefly from the mines of the Ural, belonging to 
Prince Demidoff; but a large portion is furnished by the 
Asiatic mines of the Altai and of Nertschinsk in Transbai- 
kalia. New deposits have lately been discovered in the land 
of the Eirghise, near the Irtysch ; and, as the ores are ex- 
ceedingly rich, and coal is found near them, they will, no 
doubt, become valuable in time. 

During the last twenty years America has far exceeded 
Europe in the production of copper. The inexhaustible mines 
of Ohili extend along the whole coast of the republic, and 
are generally situated within a convenient distance from the 
sea and near the best ports of the Paciflc, such as Caldera, 
Coquimbo, and Valparaiso. Originally the ores were all 
sent to Europe to be smelted; but since I 860 the discovery 
of coal near various parts of the coast has encouraged the 
establishment of numerous smelting furnaces, so that Chili 
now exports no less than from 40,000 to 45,000 tons of 
metallic copper, besides furnishing large quantities of ore to 
the smelting works of Swansea. 

After Chili, no country has made such rapid strides in 
eopper-miniug as the United States. The primeval forests 
of Northern Michigan and Wisconsin would probably still be 
the undisputed domain of the Indian hunter if the mineral 
treasures of the soil had not been a prize too valuable to 
escape the notice of our wealth-seeking age. Soon after 
the first settlement of the French in Canada, some bold 
adventurers had indeed penetrated as far as the distant 
shores of Lake Superior, and given wonderful accounts of 
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tlie large masses of copper wliicli they had seen scat- 
tered over the country; but the want of all means of 
communication hindered for a long time the advance of the 
miner. 

The Cliippeways, who for centuries had occupied the hanks 
of the lake, where, like all other Indian tribes, they spent their 
time in hunting and fishing, never thought of availing them- 
selves of the mineral riches of their territory. They indeed 
picked up now and then some pieces of copper, and sold them 
as curiosities to the fur-dealers with whom they traded ; but 
they were still far too uncivilized to seek in the neighbouring 
hills for deposits of the valuable metal. Their traditions give 
no account of their first settlement in the country; they 
believed themselves to be aboriginals. Thus, when at length 
the land came to be geologically surveyed, the discovery of 
extensive prehistoric mining works created no small astonish- 
ment. These relics of an unknown people, whose existence 
and disappearance is one of the most interesting enigmas 
of ancient American history, are chiefly situated on the hill- 
crests of Isle Eoyale and in the Ontanagon district, where 
they may be traced for miles. Trees, many hundred years 
old, now grow in the hoUows laboriously excavated by that 
extinct race in the hard rock with tools of stone or copper. 
Shafts, twenty or thirty feet deep, sunk in the hardest green- 
stone, have been discovered after felling the trees and re- 
moving the rubbish which, in the course of time, had been 
accumulated in the cavities. In many the old tools were 
found which served to excavate them — stone hammers of 
various sizes, or chisels of artificially hardened copper. On the 
hill behind the Minnesota Pit a mass of copper several tons 
in weight was found placed on wooden rollers, which proved 
that those unknown miners must have possessed a consider- 
able mechanical knowledge, without which it would have been 
impossible to remove such heavy masses. In some galleries 
coi^per blocks were discovered from which pieces had been 
chiselled off, and the whole of the works gave proofs of a skill 
and persevering industry quite foreign to the unsettled habits 
of the wild and indolent race of hunters which, as fiix as 
■ memory reaches, has occupied these distant regions. 
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Altliotigli the expeditions of General Cass in 1819 and of 
Major Long in 1823 had drawn public attention to the copper 
of Lake Superior, still twenty more years passed before they 
became the object of mining speculations, which at once 
rose to a feverish height. Numerous companies were started 
in 1843, and mines were opened in many hundred places at 
once. The 'natural consequence of this copper mania was 
disappointment in most cases, and in 1847 the greater number 
of the mines, which had been opened with the most extrava- 
gant expectations, were abandoned. A few companies only 
withstood the crisis, and ultimately proved so remarkably 
successful as fully to retrieve the lost credit of the copper 
country, the annual yield of which at the present time is 
about 10,000 tons, and consequently surpasses that of Great 
Britain. 

The copper occurs in the native state in veins intersecting 
the trap and sandstone, but also in scattered superficial 
masses along the chain of hdls which extends from the 
western to the north-eastern extremity of Lake Superior. 
In no known locality have such large masses of copper been 
found. An enormous block was discovered in February 1857 
in the Minnesota Mine. It was forty-five feet in length, 
twenty-two feet at the greatest width, and the thickest part 
was more than eight feet. It contained over ninety per 
cent, of copper, and weighed about 420 tons. A still more pro- 
digious mass, sixty-five feet long, thirty-two feet broad, and 
four feet thick, was found in 1869. This king of copper 
nuggets weighed no less than 1,000 tons, and was worth 
80,0001, or more than the greatest lump of gold that ever 
came to light in Australia or California. 

Rich copper mines have likewise been discovered in the 
States of Maryland, Pennsylvania, Massachusetts, and New 
York, but chiefly in California, where since 1861 the small 
town of Copperopolis* has risen into importance. More 

than 30,000 tons of Californian copper ores (chiefly sulphurets) 
are now annually exported to the smelting-houses of the 
bay of Boston, which are likewise supplied by the ores of 
Chili and Canada, and form a new Swansea on the opposite 

* This hybrid namn, a vile compound of English and Greek, i^enough to excite 
the ■wrath of a philologist. 
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sliore of the Atlantic. The whole annual production of the 
United States at present exceeds 20,000 tons of metallic 
copper, mostly consumed in the country. 

The mines of Cuba, which were very important, have 
latterly fallen off j hut in 1866 the exportation to Swansea 
still amounted to 11,254 tons of ore. 

Among the rich copper countries of the world I have 
finally to mention South Australia, hTew South Wales, and 
Yictoria. The most extraordinary copper mine of modern 
times for produce is that of Burra-Burra in South Australia. 
Tt was started in Sep)tember 1845, with a capital of 12,OOOZ,, 
subscribed by a few merchants and traders of Adelaide, and in 
the following five years yielded no less than 56,428 tons of 
ore, worth 738, 108^. The gold discoveries momentarily put 
a stop to its prosperity ; but of late years the works have 
been resumed, and other rich mines have been opened, so that 
copper win long remain one of the staple productions of 
Australia. 

The history of some of our copper mines affords examples 
of good fortune no less remarkable than those which 
we find mentioned in the annals of the Mexican silver- 
mining. 

Tresavean Copper Mine, within a walk of "Redruth, had 
once or twice been abandoned as a failure. At length it was 
taken up by parties who persevered in exploring it, and suc- 
ceeded in discovering its wealth by an outlay of little more 
than 1,OOOZ. From 1838 to 1 843 the profits averaged 30,693h 
per annum, and in 1833 630h were divided per share, or in 
all 60,480Z. upon ninety-nine shares, each share having about 
20L paid up, so that in one year the profits surpassed more 
than thirty times the capital invested. 

Old Crinuis Copper Mine, near St. Austell, was in 1808 
"abandoned, after repeated failures, and declared by the best 
miners of the day to be not worth ‘ a pipe of tobacco.’ In 
1809 Mr. Joshua Rowe, of Torpoint, and some co-adventurers, 
notwithstanding the general contempt for the mine, began 
working it again. As it still remained poor, the adventurers 
dropped off one by one, leaving the entire cost of working 
upon Mr. Rowe, who, after laying out a few additional 
hundreds, was rewarded by the discovery of a rich mass of ore 
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at alDont ten fatlioiiis from tlie surfaop. Upon tliis becoming 
buown, tbe old adventurers again claimed their shares j 
but Mr. Eowe resisted their un-just pretensions, and won hia 
lawsuit. In the short space of fom* years and a half, this 
mine made a clear profit of 168,000Z., besides paying 20,000Z. 
for law expenses. 

Another instance of remarkable success is alforded b]' the 
Devon Great Consols Mines, which were opened in the year 
1844. The capital of the company which undertook their 
working was parted into 1,024 shares, with IZ. paid on each 
share. In the same year by November a rich copper lode 
was cut, and the profits paid working expenses without call. 
The lodes soon began to turn out so rich that in the six 
years between the dates of 1844 and of 1850 the company 
extracted and sold copper ores to the amount of C00,000Z. 
After paying all expenses, the shareholders received about 
207,000Z., or more than 200Z. per share on IZ. paid. Uo more 
was called, and thus an average annual dividend of 35 Z., 
equivalent to 8,500 per cent., feU to the lot of each share.* 

Such instances, however, of good fortune are very rare ; 
for mining in Cornwall, as elsewhere, is much more frequently 
attended with disappointment and loss. Sometimes an 
apparently rich produce is absorbed by still greater expenses, 
or veins very promising when first opened fall off below, and 
occasion immense loss to the adventurers. A sudden fall in 
the price of the metal is alone sufficient to render many of 
the poorer mines perfectly worthless for a long time. Hence 
nothing can be more hazardous than to invest capital in a 
mining concern ; and if Shakspeare had foreseen the delusions 
of modern speculations in concerns of this kind, ho cordd 
not more truly have characterised them than by saying — 

‘ The earth hath huhhles as the water hath, 

And these are of them.’ 


*■ The Deyon Great Consols still yield the largest quantity of oro of all our 
mines (8,716 tons in 1873), hut the richer ores of South Caradon in Cornwall 
(6,293 tons in 1873) yield a greater quantity of copper. Next to these our most 
productive copper mines are West Huel Seton, West Huel Tolgus, Marko Valley, 
Glasgow Caradon in Cornwall, and Brook Wood and Gawton in Devonshire. Tlio 
greatest smelting works in Swansea are those of Williams, Po^^or & Co. ; Novillo, 
Druce & Co.; Vivian & Sons and Mason & Elkington, whoro 20,938; 13,408; 
11,334, and 11,071 tons of ore were smelted. 
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yet tlie h-ope of suddenly getting rich, and the very risks 
and daring ^ attending all mining undertakings, have an 
almost magical attraction ; and, in spite of numberless in- 
stances of loss or ruin, there will probably never bo a want 
of speculators willing to embark their fortunes on this un- 
stable foundation 
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TIN. 


Tin known from the most remote antiquity — Phoenician traders — The Cassi- 
terides — ^Diodorus Siculus — ^His Account of the Cornish Tin Trade — ^The Ago 
of Bronze — Taluahle qualities of Tin — Tin Countries— Cornish Tin Lodes — 
Tin Streams — ^Wheal Vor — A. Subterranean Blacksmith — Huai Whorry, a 
Tin Mine under the Sea — Cardaze Tin Mine — ^Dressing of Tin Dies — Smelting 
—The Cornish Miner. 

rpiX i3 one of the metals most anciently known to man. 
■i. Its first discovery is hidden — like that of silver, gold, 
copper, and iron — in complete obscurity, for even the names 
of the nations which first made use of it are not known. 
Axes and lances, sickles and fishhooks of bronze — the well- 
known alloy of copper and tin— occur among the rains of 
the ancient lacustrine habitations of Switzerland, and the tin 
of these bronze utensils could only be obtained by commerce 
from countries far remote, where it must, doubtless, have been 
known for many ages, before it found its way into the heart 
of Central Europe. Thus a few bronze implements picked up 
among other rubbish in the muddy bed of an Helvetian lake 
open a long vista into the obscure history of primitive man. 

that im has been known from the most remote antiquity 
It 18 mentioned m the Book of Numbers (xxri. 22 ) amons 
the spoil which the children of Israel gained by their yiotorf 
over heMidianites; and Ezekiel, in his propLtie warnZ 
to the Tynans enumerates tin as forming pLi of their riches^ 

nrcIiitee3rorLm!nk of fofTe'' e Yb' 
anuonr of his heroes, and its Greeknamr‘'’N 

evidently represents the Sanscrit ‘Kosf 

■.s to the part of the world 'obS 
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The till wliiclij in times unrecorded Iby chronology, served 
for the consumption of Western Asia, EgyjDt, and Greece, was 
supplied by the mines of India to the Phcenician traders, who 
conveyed it, either by land to Babylon, or by water to the 
jiorts of the Eed Sea. At a much later period that great 
.►merchant people extended their maritime expeditions to the 
West, and sailing along the Atlantic coast of Gaul, ultimately 
discovered Cornwall, which afforded them a new and inex- 
haustible supply of tin. With the jealous spirit of trade, they 
long made a profound secret of its position ; but about 450 
years before Christ, Herodotus speaks of the Cassiterides, or 
tin islands, which some have supposed to be Britain. Pour 
centuries later Diodorus Siculus, who lived in the times of 
Julius Csesar and Augustus, gives us an interesting account of 
the ancient tin trade of Britain. ^ The inhabitants of that 
extremity of Britain which is called Bolerion^ (probably 



SV. MICHAEL’S MOUNT, COHSWALL, 


Land’s End), says the historian whose narrative is the more 
deserving of attention as we are told that he visited aU the 
places he mentions : ‘ both excel in hospitality, and also, by 
reason of their intercourse with foreign merchants, they are 
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civaized in tlieir mode of life. These prepare tlie tin, worh- 
iug very sknfully the earth which produces it. The ground 
is rochy, but it has in it earthy veins, the produce of which is 
brought down and melted and purified. Then, when they 
have cast it into the form of cubes, they carry it to a certain 
island adjoining to Britain and called Iktis (probably St. 
MichaeFs Mount). During the recess of the tide the inter- 
vening space is left dry, and they carry over abundance of tin 
to tbis place on their carts ; and it is something peculiar that 
happens to the islands in these parts lying between Europe 
and Britain, for at full tide, the intervening passage being 
overflowed, they appear islands, but when the sea returns a 
large space is left dry, and they are seen as peninsulas. Eroni 
hence, then, the traders purchase the tin of the natives and 
transport it into Gaul, and finally, travelling through Guul 
on foot, in about thirty days they bring their burdens on 
horseback to the river Rhone.’ Thus we learn frour an 
authentic source how the tin of Cornwall found its way to 
Italy in tlie times of the first Roman Emperors ^ but long 
before that period the wild inhabitants of Cornwall must 
have discovered the use of the metallic treasures of their 
barren soil and the way to barter them for the commodities 
of the rude tribes of their own island or of the noighbonring 
nations of Ganl. 


When we consider the various and important uses to which 
tin may be applied, we cannot wonder at its importanco in 
the commerce of the ancient world. The discovery of bs-oiiKO 
marks one of the great epochs in the progress of human 
civilization, and the nations that could command its uho 
became at once superior, in peace and war, to the tribes who 
had only flint spear-heads for their defence, or flint hatchets 
for the construotion of tlieir huts. At a later period, when 
iron gradually supplanted the use of bronze for many pur- 
poses tin still eontinuea to he highly esteemed for its nuuiy 
ercellent qualities. Possessing a lustre but Httlo iuforior to 
that of sdver, is not soon tarnished, and not only retains 

Fvm it “n ’’l time, hut when lost easily rc- 

coieis It. Under the hammer It is extendedinto leares called 
tin-fod, wpeh are about one-thousandth of au inch tliiolc, 
and might easily be beaten into one-half thlt thickness if 
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ttio purposes of trade required it. The application of tin to 
the coating of other metals has hoeii carried to great per- 
fection, and it forms the chief ingredient in yarious kinds of 
pewter and other white metallic alloys, such as Britannia 
metal, which are manufactured into domestic utensils by 
.casting, stamping, and other ingenious iDrocessos. Tin is 
the substance which, coated with quicksilyer, makes the re- 
flecting surface of glass mirrors. It is also yery important 
in dyeing processes, as its solutions in nitric, muriatic, and 
other acids gives a degree of pormauoncy and brilliancy to 
several colours not to be obtained by the use of other 
mordants. A compound of tin with gold gives the fme 
crimson and purple colours to stained glass and artiilcial 
gems, and enamel is produced by the fusion of oxide of tin 
with the materials of plate gkiss. 

There are only two ores of tin — ^tho peroxide, or tinstone, 
and "the pyrites, or stannino. The former alone occurs in 
suflicient abundance for mefcallurgic imrposos, and has boon 
found in few counti’ics in a workable quantity. In Asia 
its richest deposits occur in Sumatra, the peninsula of 
Malacca, and some smaller Islands, x)arLicularly Banca and 
Ifllliton. The stanniferous region in this part of Asia 
extends from 20® N. Lat. to 5® S. Lat., and in many xdacos 
the ore is found in siudi quantities in the alluvial grounds 
as to be separated in the easiest manner, by washing or 
* streaming,’ from the gravel or sand with which it is mixed. 
The facility with which it is obtained renders its cost of ex- 
tra, ction so small that largo quantities find their way to the 
Buropeiin markets. In 1872 the Dutch mines of Banca 
furnished 4,480 tons of tin, and those of Billiton fi,2G0 toim 
of the same metal, hut Kiigland still confcinuos to h(j the lirsb 
tin-producing country of the world, as the luiues and Htreu.ms 
of Cornwall and Devonshire yielded in the same year 14',HH4 
Ions of ore,* from which 0,072 ions ofim^tal were extracjtcd. 
•Since the last year iN'ow South Wtiles and Quemisland luive 
also entei’cd the list of tin-x>roducing conutries, and are 
rapidly increasing in importance, A non-official return, 
but which is thought to he near the truth, gives as follows 

* ‘Mitioml of the United Kingdom for 1873,' hy B. Ihmt, P.H.H,, 

Kw'piT of Mining Rw’oi’iIh. 



8S6 


THE STJBTEREANEAN WORLD. 


tlie quantities of Australian tin (reduced to pure metal, tlie 
ore being estimated at 70 per cent.) imported into London 
during the last three years : — 

1872 . 1873 . 187 - 1 . 

151 tons. ' 2,472 tons, 5,067 tons. 

Besides its own enormous produce Great Britain imports vast 
quantities of foreign tin, amounting in 1878 to 5,612 tons ^ 
of ore, and to 7,791 tons of metallic tin. The exports of 
British tin amounted in 1873 to 115,940 cwt., and of foreign 
and colonial production to 28,809 cwt. 

Both Cornwall and Devon possess tin mines, which, how- 
ever, are most important in the county 

‘ Where England, stretched torrards the sotting sun, 

Narrow and long, o’orlooks the western wave.’ — O owfkr. 

The undulating surface of this a,rid peninsula, which, being 
remarhable neither for agricultural nor foreign commerce, 
has-been celebrated since the remotest ages for the mineral 
riches concealed beneath its barren soil, consists almost ex» 
clusively of slaty transition rocks or Milas, traversed or inter- 
sected by a central granitic range and by dykes of porphyry 
or dvan which cut the slate and granite, occasionally travers- 
ing both in one continuous body of rock, somewhat in the 
manner of trap-dykes, and evidently of a later formation. 
The lodes or mineral veins traverse the granite, the slate, and 
the elvan indiscriminately, but they occur more especially 
at the junction of granite and slate. They have commonly 
one prevailing direction, but they invariably throw off into 
the containing rock ‘ shoots, strings, and hranohos,’ often in 
such abundance that, instead of one main lode, called a 
champion lode, the whole is an irregular network of veins. 
It is not at all certain that the same lode has ever been 
traced for more than a mile in length. Yery often the lode 
first discovered dwindles to a mere lino, whilst some of its 
offshoots swell out, enlarge, and rival, or even surpass, both in 
size and richness, the veins from which they have separated. 

The metalliferous or valuable contents of a lode generally 
bear hut a small proportion to its unprofitable parts. Instead 
of forming uniform lines of metal or pure ore, running 
throughout the whole extent of the vein, they"generally occur 
in what the miners term 'bunches, or in patches of various 
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sizes and stapes. These very rarely occnpy tlie wliole space 
between the walls or containing sides of the lode, but they are 
mixed up with a variety of other substances, the chief of 
which is quartz. 

Sometimes a lode is filled with a compact and perfectly 
.solid mass ; at other times it abounds in cavities which may 
occur in any one of the ingredients and also of any size, from 
those of the hollows of a honeycomb to hollows of several 
fathoms in length and depth. 

In many lodes tin is found associated with copper, and 
frequently above the latter, so that the upper part of many a 
copper lode has been worked as a tin lode. 

The veins of Cornwall have no determinate size, being 
sometimes very narrow, and at others exceeding several 
fathoms in width ; sometimes they extend to a great length 
and depth, at others they end after a short course. They 
vary so in breadth that in the same lode one part may consist 
of a mere line between the opposing walls, while another swells 
to a width of from thirty to forty feet. These great changes, 
however, seldom happen within several fathoms of each 
other. Lodes which yield both tin and copper in mixture 
are considerably larger than those which yield each metal 
singly. It is also a general fact that the lodes diminish in 
breadth in proportion to their depth. The richest tin ores 
are more commonly found between forty and sixty fathoms 
deep; but in some instances, as in Dolcoath mine, the depth 
of 200 fathoms has been attained without exhausting the 
supply, and Tresavean mine has been worked to great profit 
at more than 320 fathoms from the surface. Tin veins are 
considered to be good working when only three inches wide, 
provided the ore be good for its width. 

Besides being contained in lodes, tin is also found in 
alluvial beds, probably resulting from the disintegration of 
the former during a long series of ages. This stream-tin, as 
it is called, is met with either in a pulverised sandy state in 
separate stones, called shades, or in a continued course of 
stones, which are sometimes found together in large numbers, 
and occur at depths varying from one to fifty feet. This 
course is called ^ stream, and when rich in ore was formerly 
called Beauheyl, which is a Cornish word signifying a living 
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stream.’ In tlie same figurative style, wlien tlie stone was 
but ligbtly impregnated witli tin, it was said to be ‘just 
alive,’ and dead when it contained no metal. 

Tin streams of irregular breadth, though seldom less than 
a fathom, are often scattered in different quantities over the 
whole breadths of the moor bottoms or valleys in which they, 
are found. As the confiuence of rivers makes a flood, so the 
meeting of tin-streams makes what is called a rich ‘ floor of 
tin.’ The ore, being thus disseminated both in the alluvium 
which covers the gentle slopes of the hills, and in that which 
fills the valleys winding round their base, is easily obtained 
by conveying over its bed a stream of water, which, by washing 
away the lighter matter, leaves the heavy ore to be picked 
up where the operation has been performed. 

There can be no doubt that this was the oldest method of 
tin-getting, and the abundant traces of ancient stream-works 
which are to be seen from Dartmoor to the Land’s End' giv(5 
proof of the great accumulation which must have been 
formerly worked out by this method. In the course of ages 
most of these alluvial deposits have been exhausted, and 
where, thirty or forty centuries ago, large quantities of tin 
ore were superficially gathered with little ingenuity and 
labour, the miner is now obliged to descend many a fathom 
deep into the bowels of the earth and work his slow wav 
through the hard rock. 

Yet, after so many centuries of research and extraction, tin- 
streaming is still carried on in several places, as, for instance, 
at Carnon, north of Falmouth, where a long line of stream- 
works extends down the valley. The ore, mixed with rounded 
pieces of slate, granite, and quartz, lies burled about fift;y' 
feet from the surface, beneath the bottom of an estuary, 
where trees are discovered in their place of growth, together 
with human skulls and the remains of deer, amidst tlie'^vege- 
table accumulation which immediately cdvers the stanniferous 
beds. Thus ruins are here piled up above ruins. 

In 1873 the number of tin mines in activity amounted to 
159 in Cornwall and to 11 in Devonshire. The most im- 
portant works are at present Dolcoath, Tincroft, Cam Brea 
Pool East, Tor Great Hnel, Phoenii, and Basset Hnel; bnt’ 
as nothing is more flnctmiting than the forttmes of mines, 
otiiei's will probably soon take the lead. 



tub mine op IIUEL WIIERKr. 


339 


Wheal Vor, in the parish of Breage, three miles from 
Helston, may he cited as a conspicuous example of the 
changes of fortune so frequent in the annals of Cornish 
mining. Twenty- five years ago it was considered the richest 
tin mine in Cornwall. More than 200,000Z. profit had been 
divided among the shareholders. In 1843 there -were fifteen 
engines at work on this extensive sett, which had the appear- 
ance of a towni, and the machinery was valued at LOO,OOOZ. 
Hero wa.s put up the first steam-engine ever erected in Corn- 
wall, between the years 1710 and 1714. The lode from which 
the chief part of the ore was raised was still productive in 
1848, when the mine employed 1,200 persons, and the 
monthly co.st of w’orldng had been, some years before 1843, 
about 12,OOOL per mouth. The mine, however, became less 
profitable, and, wearing out by degrees, finally stopped. 

There wa.s formerly a blacksmith’s forge at the bottom of 
this mine, in full operation at 1,470 feet below the surface of 
the earth. All the minors’ tools were steeled, sharpened, and 
ri'paired, and buckct-i’ods cut and welded in this subterranean 
smithy, which was clear and free from dust, smoke, and sul- 
phur, and did not in the least annoy the miners. Within 
tlie last few years the mine has been resuscitated with a 
capital of 2O0,O00Z. 5 but, as the shares have fallen from 40Z. 
to 8Z. , the attempt seems to have been far from profitable. 

The history of the rise and fall of Hncl Wherry,* a tin 
mine which was o^jened, more than a century ago, in the midst 
of the sea, near the town of Penzance, is too interesting to 
be passed over in silence. In this place a gravelly bottom 
wa,H left bare at low water. Here a multitude of small veins 
of tin ore crossed each other in every direction through elvan 
rocks, and wore worked whenever the sea, the tide, and the 
Binmon would permit, until the depth became unmanageable. 
About the year 1778 Thomas Curtis, a poor miner, was bold 
enough to renew the attempt. The distance of the shoal 
irom the neighbouring beach at high water is about 120 
fathoms, and this distance, in consequence of the shallowness 
of the beatsh, is not materially lessened at low water. It is 
cacnilaiod that the surface of the rods: is covered about ten 
months in the.yoar, and that the depth of the water upon it 
^ ‘ Cornwall, itf) Miuos and Minors.’ 
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at sT>ring tiae is nineteen feet. A rery great surf is cansed 
^ +Ke summer, by the prevailing winds, while in wintei 
even m the ^ manner as to render 

™de^ S^attempts to carry on mining operations. Tet aU 
aie difficulties had to be overcome by a poor uneduca ted 
Ln As thework could beprosecuted only during the short 
Sie the rock appeared above water-a time s dl further 
abridaed by the necessity of previously emptying the exeaya- 
tto already made-three summers were spent in sinking 
the pump-sLft, which was a work of mere bodily labour. A 
frame of boards, made watertight by pitch and oakum, and 
carried up to a sufficient height above the spring-tide, was 
then applied to the mouth of the shaft. To support this 
boarded turret— wTiich was twenty feet higli above tbe rock, 
and two feet one inck square— against the violence of the 
suro-e, eight stout bars were applied, in an inclined direc- 
tion, to its sides, fonr of them below, and four, of an extraor- 
din^T length and thickness, above. A platform of boards 
was then “ashed round the top of the turret, supported 
by four poles, which were firmly connected with these 
rods. Lastly, upon this platform was fixed a windlass for 
four men. 

By such an erection it was expected that the miners would 
be enabled to pursue their operations at all times, even during 
the winter months, whenever the weather was not particu- 
larly unfavourable. But as soon as the excavation was 
carried to some extent, in a lateral direction, the hope was 
disappointed, for the sea water penetrated through the fissures 
of the rock, and, in proportion as the workings became en- 
larged, the labour of raising the ore to the mouth of the shaft 
increased. To add to all this, it was found impossible to 
prevent the water from forcing its way through the shaft 
during the winter months, or, on account of the swell and 
surf, to remove the tin-stone from the rock to the beach op- 
posite- Hence the whole winter was a period of inaction, and 
the regular working of the mine could not be resumed before 
April. Hevertheless, the short interval which was still allowed 
for labour below ground was sufiicient to reward the bold and 
persevering j)rojector. 

The close ofthis wonderful mine, from which many thousand 
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pounds worth of tin was raised, was as romantic as its com- 
mencement. An American vessel broke from its anchorajre 
in Gwavns Lake, and, striking against the stage, demolished 
the machinery, and thus put an end to an adventure which, 
both in ingenuity and success, was in all probability un- 
equalled in any country* 

This wonderful mine was worked again a few years since ; 
but, although a very large sum of money was expended, and 
it had all the advantage of improved machinery, yet it failed 
to be a profitable adventure, and was eventually abandoned. 

The Oarclaze tin mine, near the town of St. Austell, though 
unimportant with regard to its produce, deserves to be noticed 
for its picturesque appearance and the manner in which it is 
worked. It consists of a large open excavation, of a mile in 
circuit and from twenty to thirty fathoms in depth, looking 
more like a vast natural crater than a hollow made by human 
hands ; and for hours the visitor might traverse the dreary 
and barren hilly common in which it is situated without 
suspecting that a mine is close at hand. hTo engine-house 
and chimney towering aloft announces it from afar; the 
whole business is confined to the interior of the punch-bowl 
hollow. Every detail of the works is here exposed to view, 
and it would seem as if a complete mine had been turned 
inside out for the benefit of timid travellers, who would wish 
to see the various operations of mining without the risk of a 
descent below the surface. 

The walls of this vast hollow or crater are almost perpen- 
dicular, and the view from the ridge of the precipice, into 
which but few footpaths descend, is rendered interesting by 
the fantastic shape of the rocks, worn or hewn into a thousand 
grotesque forms by the action of the waters or the pickaxe 
of the miner ; by the enormons number of holes and hollows 
resulting from ancient excavations ; by the white colour of 
the granite, veined with the darker metalliferons streaks ; 
by the water-wheels at the bottom, which, worked by streams 
from the neighbouring commons, propel the machinery for 
crushing the stones, loosened by the water as it flows^ down 
the sides of the cavity ; and by the men, women, and children, 
scattered over the works. ^ The ore is obtained _ without 
much difficulty, and is easily separated from the friable and 
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decomposed granite, in which it is embedded, Dy repeated 
washings in the streams that are made to flow out at the 
bottom of the mine through a channel or tunnel, and which 
carry away the soft granite by their rapid current, while the 
heavier metalliferous substances are precipitated. 

As the ores are very poor, not even containing one pei 
cent, of tin,' Carclaze, which has been already worked for 
many centuries, would long since have been abandoned but 
for the abundance of the ores and the comparatively small 
expense of their extraction. 

The dressing of the tin ores, or the process by which they are 
separated as far as possible from the earthy imi^urities which 
are mixed up with them, and are generally much lighter, 
begins with cleaning and sorting, and then goes on to washing 
and stamping, and finally to calcination in the burning- 
house and to smelting. 

The tin ores of Cornwall and Devonshire are all reduced 
within the counties where they are mined, as the law pro- 
hibits their exportation — a most absurd and antiquated 
regulation, which, hovvever, in this case is not injurious to 
private interests, as the vessels which bring the fuel from 
Wales for the smelting furnaces return to Swansea and Neath 
laden with copper ores. The smelting works, not exceeding 
seven or eight in number, belong generally not to the pro- 
prietors of the mines, but to other parties, who purchase the 
ore from the proprietors. 

The smelting is effected by two different methods, which 
may be briefly described by stating that, by the first and 
most common, the ore, mixed with culm, is exposed to heat 
upon the hearth of a reverberating furnace, in which pit coal 
is used as fuel; while by the second method, which is applied 
merely to stream-tin, and which is followed in order to 
obtain tin of the finest quality, the ore is fused in a blast- 
furnace called a blowing-house, in which wood fuel or charcoal 
i s used . The melted tin run s off from the furn ace into an open 
basin, whence it flows into a large vessel, where it is allowed 
to settle. The scoriae are skimmed off, and the subsequent 
operations consist of 3’efining by allowing the mass of the 
metal to rest, then submitting the upper and pure portion to 
the refining basin, and remelting the lower part. In order 
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to convert the blocks into grain-tin^ they are heated until 
they become brittle, and made to fall from a considerable 
height in a semi-fluid state, thus producing an agglomerated 
mass of elongated grains. 

The number of persons that find occupation in and about 
the Cornish and Devonian tin inines may amount to about 
20,000. The wages are, on an average, much inferior to those 
of the pitmen and pifclads in the northern coal-fields •, but, 
on the other hand, the Cornish miner is exempt from many 
evils to which the northern minors are subject. lie has 
not to fear the fatal fire-damp, and can sit at ease and hoar 
or read of explosions that have destroyed hundreds in a few 
minutes. 

Jlis intellectual superiority to the agricultural labourer 
may be at once inferred from the nature of his pursuits. The 
latter plods on through life like a mere human machine, and, 
as he is never thrown on his own resources in the in’ogress 
of his monotonous oecux')ations, his stock of ideas remains 
scanty and confined. But the Cornish miner is the reverse 
of all this. Ho is engaged mostly in work requiring the ex- 
orcise of the mind. Ife is constantly taking a now ‘ pitch ’ ^ 
in a new situation, whore Lis judgment is called into action. 
His wages aronottho stinted rocomponso of half-einaucipatod 
serfdom ; but they arise from contract, and d(q)ond upon some 
degree of skill and knowledge. In fact the cluinoos of the 
lode keep expectation constantly awake, and thus : — 

* ITopo reigns triumplumfc in tlio miner's bronsb, 

“Wlio nover is, but always to bo Llost.' 

If ho is at n,n imaginative, golden dreams enliven the dark- 
ness of his nndorground labour. Ho is in fa.ct a kind of 
subterranean stoclc-jobbor, aiuV settling day ’ is as anxionsa 

Tlio lofbiH in tlio Cornish tin and co}>pw ininefi aro dividod by shafls and 
galli'i'idfi into reclaiigular compartnunits, eallt-d ‘ TIicro aw opou to tlio 

iiispcetion of all Iho labtmrhig mincrH in tho eounty, and, by an admirable systnm, 
oaeli ‘pitch’ if) lot by public compolidon, for two jntmlhH, to two or four or more 
miners, wlio may work it an they cluamo. Tho«o inon iigroo to broalc iho ores, 
wlicicl thorn, raise tluini to tho surfaco, and bring them (if cleairod) into a flt con- 
dition for tlio markot. Tho oroH so raised aro sold every week, ami tho miner 
iinmodiatoly recoives his irihiiie^ or poreontago for whieli lio ngrewl to work. Tlie 
sinking of shafts «iul tho driving of lovols is paid by tut- work, or task-work, at so 
uuich pi'r fathom. 
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time for the humble tributer at the Land’s End as for the 
bold speculator of the Stock Exoha ng’e. 

When not exhausted after his hard day’s labour, the miner 
frequently cultivates a small patch of land. Many have 
tolerable gardens, and some are able to perform their own 
carpentry, while, if near the coast, others are expert fisher- 
men. 



345 


CHAPTER XXVIH. 

IROF. 

Iron the tnost valuable of Metals— Its wide diflusion over the Enrth— Meteoric 
Iron — Iron very anciently known— Extension of its Uses in Modern Times— 
British Iron Production— Causes of itsKise—HotBkst- Puddling— Coal-smelt- 
ing — The Cleveland District— Rapid Eise of Middlesboroiigh— British Iron Ores 
—Production of Eoreign Countries— The Magnetic Mountain in Russia— The 
Eisenerz Mountain in Styria— Dannemora — ^Elba — The United States — ^ThePilot 
Knob — The Cerro del Mercado. 

A S an iiistruuieiit of civilisation iron is tiie most valuable 
^nd indispensable of all mineral substances. Even 
coal is of inferior importance to the w^elfare of mankind, 
for iron may be obtained -withont its aid, wbile coal could 
not possibly be extracted from tlie bowels of the earth, 
without the assistance of iron. Hard and maUeable, tena- 
cious and ductile, endowed with the singular property of 
welding, which is found in no other metal except platinum, 
and acquiring new qualities by its conversion into steel, it 
accommodates itself to all our wants and even to our 
caprices, so that no other metal has such various and ex- 
tensive uses. It clothes our war ships with a case of 
impenetrable armour, and sets the finest watch in motion ; it 
provides the sempstress with her needle, and guides the 
mariner over the ocean ; it furnishes the husbandman with 
his ploughshare, and the soldier with his sword ; it concen- 
trates in the steam-engine the sinews of a thousand horses, 
and mocks on the railroad the fleetness of the swiftest 
courser. It is, in one word, the embodiment of power, the 
chief agent of all social progress. 

" Were the use of iron lost among us,’ says the illustrious 
Locke, ‘ we should, in a few ages, be unavoidably reduced to 
fcliG wants and* ignorance of the ancient savage Americans ; * 
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nor will this view "be deemed extravagant if we reflect that, 
bnt for iron, man would be virtually without tools, since it is 
almost the only metal capable of taking a sharp edge and 
keeping it. 

The bounty of the Creator, which bestowed on man this 
inestimable gift, has also provided for its wider dijffnsion over 
the earth than is the case with any other of the useful 
metals. Few mineral substances or stones are without an 
admixture of it. Sands, clays, the waters of rivers or 
springs, are scarcely ever perfectly free from iron, while 
animal and vegetable substances likewise afford it in the 
residues which they leave after incineration. Its mines 
may truly be said to be inexhaustible j in some its ores 
oecur in compact masses of extraordinary magnitude, in 
others they spread in vast strata or extend in vems of a 
prodigious length. 

Yet, in spite of its wide diffusion, the extraction of iron 
from its ores generally requires so much metallnrgio skill 
ihat its use would probably have remained undiscovered by 
the ancients if Providence had not in a wonderful manner 
revealed, as it were, its existence to mankind. 

All iron of a terrestrial origin is combined with other 
substances, which conceal its true nature from the un- 
initiated eye, and from which it is with difficulty separated ; 
but here and there, scattered over the surface of the earth, 
are found solitary masses of metallic iron, which, having 
fallen from the skies, may truly be called erratic boulders 
from another world. The idea of their having dropped from 
the clouds was long ridiculed by the learned ; but their fall 
has been so often observed, and so circumstantially recorded 
in the annals of almost every age, that scepticism has been 
obliged to yield to the weight of accumulated evidence, and 
science no longer doubts their meteoric origin. Nothing 
can be more interesting than these mysterious heralds from 
the distant fields of ether, which, after wandering through 
space for countless ages, have at length been brought within ' 
the sphere of attraction of our planet, and, alighting on its 
surface, afford us tangible proofs that many of the sub- 
stances of which oiir earth is composed-iron, nickel, silex, 
&c., &c.~eiist beyond its limits, and that most probably our 
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wliole solar system is constructed of the same materials as 
our globe. 

But meteoric iron — which sometimes occurs in enormous 
masses* — is more than a mere object of curiosity, for it has 
had a most important influence on the progress of the 
Jiuman race. On such a mass undoubtedly the first smith 
exercised his shill, and it was this which first made mankind 
acquainted with a metal more valuable than copper or gold. 

As we see from the example of the Esquimaux, whom 
Captain Boss (1819) found in possession of knives and 
harpoons which they had made from masses of meteoric 
iron, the discovery was probably made at a very remote 
period, while man was still in the savage state j but iron 
having once become known, the desire to obtain it in larger 
quantities from other sources naturally grew with the pro- 
gress of civilisation, and gradually led to the knowledge of 
its ores and of the art of utilising them. Thus there can 
hardly be a doubt that iron-smelting was practised long 
before historic times. In India and China the origin of its 
use loses itself in the remotest antiquity ; and the imposing 
monuments of ancient Egypt, many of which are at least 
five thousand years old, could not possibly have been 
erected without the aid of iron. In the Book of Deutero- 
nomy (iv. 20) the land of Egypt is compared to an iron- 
furnace — a figurative expression which shows that even 
at that early period iron-smelting must have been a well- 
known branch of industry. 

The iron weapons found in the lacustrine dwellings of 
Switzerland likewise point to a very ancient use of iron in 
Central Euroi)e, no less than the fact mentioned by Caesar, 
that during the siege of Avaricum (Bourges) the works 
erected by the Bomans for taking the town were repeatedly 
destroyed by the subterranean galleries of the besieged, who, 
as the conqueror relates, were accustomed to such under- 
ground labour from their habitually working in iron-mines, 
an industry which, to judge from this passage, must even 
then have been of ancient date in Gaul. 

* The "weiglit of the mass found at Otumpa, in the Gran Chaco Gualamha, in 
Soutli America, by Dtn Rubin de Oelis (1783) was estimated at about fifteen tons. 
A. piece from this mass, weigliing 1,400 pounds, is now in the British.Museum. 
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!For many ages tlie uses ‘of iron remained chiefly confined 
to the instruments of agriculture and of war — to the plough- 
share and the sword. With the progress of civilisation its 
employment extended to many purposes unknown before ; 
and ill our times the construction of ships and buildings, of 
raih'oads and bridges, absorbs quantities which would have- 
appeared incredible almost within the memory of living man. 
Hence the manufacture of iron has made more rapid pro- 
gress since the beginning of the present century than in any 
former period of the world’s history, and even the present 
immense production scarcely keeps pace with a demand to 
which it is not easy to assign a limit. 

Among the iron-producing countries of the globe Great 
Britain occupies by far the first rank, and there is every 
I'eason to believe that it will long continue to maintain it. 
The British ores, indeed, are generally poor, as clay, silica, 
phosphorus, and a variety of impurities which are with ‘diffi- 
culty separated from the metal, enter into the composition of 
those which supply the greatest part of our iron j but this de- 
ficiency is more than counterbalanced by many advantages. 
Most of the British iron mines are situated in those districts 
'where coal is cheapest, the ore being often even raised from 
the same pit as that from which the coal is extracted. Lime- 
stone (the necessary flux) is at hand, while fire-clay — no un- 
important article in the building of the furnaces, on whose 
long-continued working so much depends — is found in the 
same ground as the ore itself. The largest and most com- 
plete manufactories have long been established in the most 
convenient places. With an almost unlimited amount of 
capital, the most perfect and the cheapest communication 
by water is open to all parts of the world ; and the further 
processes which the metal has to undergo are performed at 
once on the spot in the best manner and at the smallest 
possible expense. Ho other land can boast of equal or 
greater facilities for the production of an unlimited quantity 
of cheap iron ; so that, even with the assistance of heavy 
protective duties, most of the iron-producing countries of 
Europe find it difficult to compete in their own markets with 
the x^roduce of Great Britain. 

The art of making iron in this country is of very ancient. 
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fcliougli of unascertained date. It. was probably found by the 
Itomans in a far advanced state. It certainly was carried on 
by tliem subsequently to a great extent — a fact proved by the 
immense beds of iron cinders discovered in the rorest of Dean ; 
nor has it ever been discontinued by the other races who 
.in succession have held sway in the island. But, though of 
such ancient origin, and enjoying so many natural advan- 
tages, our iron manufacture remained confined within very 
narrow limits so long as the ore was exclusively smelted by 
means of charcoal made from wood. The manufacture was 
even for some time partially prohibited in England, the con- 
sumption of wood-charcoal in the process of smelting being 
so great as to create apprehensions that, if care were not 
taken of the remaining forests, enough timber would not be 
left to supply the wants of the navy. It seems almost in- 
credible in our days that Acts were passed in the reigns of 
Elizabeth and James forbidding the felling of timber for the 
smelting of iron, except in certain districts of Kent, Sussex, 
and Surrey, then the principal seats of the manufacture, 
and even there the erection of new works was expressly for- 
bidden. 

Attention was then directed to the smelting of ironstone 
by means of pit coal. Amongst others, Lord Dudley gal- 
lantly struggled to establish a manufactory in the neighbour- 
hood of Stourbridge, and partially succeeded ; but what with 
riots among the ironworkers, who destroyed his works, and 
the wars of the Great Rebellion, which ruined his fortune, he 
reaped no advantage from his enterprise. Nothing contri- 
buted to arrest the decline in this branch of trade, and towards 
the middle of last century the number of furnaces, which in 
the reign of James I. had amounted to 300, fell off to 69, the 
total make of which amounted to not more than 17,350 tons, 
being an average of 294 tons per annum for each furnace — a 
quantity very little exceeding that sometimes made in a 
single week in some of the huge furnaces in Wales in the 
present day. The partial use of pit coal in the process of 
smelting was revived in Coalbrookdale, in Shropshire, about 
1713. The chief difdculty was to keep the coal in a state of 
combustion suf0.ciently intense for the purpose of smelting 
the ore ; the* hand-worked bellows, or the more powerful 
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water movement, wMch produced blast enough for charcoal, 
having eomparativelj little efPect upon coal. 

This obstacle was finally overcome through the perseverance 
and enterprise of Dr. John Boebuck (a physician in Birming- 
ham, and grandfather of the late distinguished member for 
Sheffield), who, seeking for more economical methods of. 
smelting iron ore than those then in use, founded in 175P 
the now celebrated Carron Works, where John Sineaton, 
the illustrious architect of the Eddystone lighthouse, 
first introduced (1760) a new contrivance for throwing 
a powerful and constant blast into the furnace. By means 
of a forcing pump, a large column of air, of trij)le or quad- 
ruple density to that which had been previously obtained, 
could now be poured into the furnace j and effects equiva- 
lent to this great improvement followed. The same smelting 
oven that formerly yielded ten or twelve tons weekly now 
sometimes produced forty tons in the same period; andcsuch 
was the impulse given to the trade by this unexpected, suc- 
cess of a powerful blast with pit coal that in 1788 the manu- 
facture of pig-iron in England, Wales, and Scotland amounted 
to 68,300 tons, being an increase of 50,950 tons on the 
quantity manufactured previous to the introduction of pit 
coal. 

In 1782 Mr. Cort, after many years of experiment, disco- 
vered the means of converting cast or pig-iron into malleable 
ii'on by a process which was at once sure, rapid, and economi- 
cal. The iron is re-melted in a puddling furnace, as it is 
called, which is heated with raw coal, and there, by a series 
of operations, the object of which is to give the iron mallea- 
bility and toughness by expelling the carbon, it is manipu- 
lated until it acquires the consistency of a solid white-hot ball. 
In this shape it is subjected to the action of an enormous 
^mmer, by which the coarser parts are beaten from it, and 
it is formed into the shape of thick short bars, called blooms 
or slabs. While still red-hot it is passed through a series of 
grooved rollers, till it is drawn out into a long bar, the exact 
dimensions of which are regulated by the requirements of 
the manufacture for which it is destined. The bars thus made 
are technically caUed puddled bars, and considered as half- 
manufactured iron. To refine them into mercliant-iYon, they 
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are again submitted to tlio aciioix of lire, and, ■vvlien liot 
enough, are welded together and formed into the various 
denominations of bars, rods, hoops, sheets, or j)latcs. Mr. 
Oort’s discovery, though of immonso iinportanco, would yet 
have proved of comparatively small value without the aid of 
the double-power steani-ongine, which was about tho same 
time invented by James Watt, and supplied tho power which 
was needed to give our iron-works their full dcundopineut. 

nitherto tho ‘ top UK'asnx’t'H ’ only of tins niiiutral had been 
worked, and generally on Hh(3 idse of the inluo,’ wluu’o the 
water would not lie, or those strata favourably situat(sd on 
the side of a hill where levels could bo driven in and tho 
xvator released. Water was the groat enemy in tho pita, and 
even in shallow workings it often accnmulatod faster than a 
gill turned hy horao-imwer could bring it to the surface. 
By tho now agency of steam tho deepest pits were drained, 
and materials wore drawn up fi’om tho bowels of the earth 
in a quantity and with a rapidity and secuiity hitherto un- 
known. By tho same means that prodigious blast was 
obtained for tho furnaces to which all subsequent improve- 
nnuits of the maimfacturo owe their origin. Instead of tho 
rude machiuory of wattirwhinds and bellows, huge engines 
of enormous power forced an immense volume of air through 
several small iuymm or tubes so disposed at tho lower part 
of tho fnimaces that in each x^ortion of tho ignited mass lux 
equally diffused blast might raise an equal intensity of heat, 
Furnaces of greater height and much larger capacity than 
any hitherto known were erected, and in its general aspect 
tho iron manufacture assumed very much tho appeoranco 
which it maintains at the xm'Hmit day. 

Must ri'aders are iiwax^e* that the flaming towers which 
give such im mu'arthly effect at night to what is ealltul the 
Black Counfry, round Wolv(‘.rhampi.on, are ii'on furuac(*s, and 
tbat tlu' cirenlar galleries which surroiuid their 

toi)H are contrived for ixniring down their capaeious throats, 
by axH‘rtnr(us placed at equal disiamu's, an equable and regular 
supply of tho materials with which tluiy are fed. Bt'sides 
tho iron-stone and ilu*. fuel, there is needed a third substance, 
which is called a flux,’ because it forms n fusible compound 
# ' Quarterly Review, ’ vol, cix. p. 114, 
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witli the earthy matter of the mineral. When we are ac- 
quainted with the foreign matter in combination with the 
ore chemistry tells us what substance we ought to acid for 



the purpose of eliminating the metal. Among the wonderful 
provisions of nature for the convenience of man, none is 
more remarkable than that by which many substances are 
fusible in conjunction at a temperature which either could 
resist separately. The British ores are for the most part 
argillaceous, that is to say, they are combined with what, in 
its general character and appearance, resembles clay. To 
all such limestone in due proportion must be added but if 
the earthy matter consists of lime, clay is the proper dux. 
In either case the foreign matter and the flux are fused into one 
substance. The liberated iron sinks downwards, and having 
now itself become fusible by the combination of carbon, with 
which it has been impregnated by the fuel, it melts as it 
reaches the point of fusion, and settles down in the lowest part 
of the furnace, otherwise called the hearth. It is followed by 
the slag, or ^ cinder ’ (as it is always called in the trade), 
composed of the flux, the foreign matter of d;he ores, and 
the ashes of the fuel, which are now in a vitrified state ; 
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and tliis artificial lava, being of jnuch less specific gravity, 
rests on tbe surface of tbe iron and protects it from tbe action 
of tbe blast. The furnace is ‘ continued in blast,’ that is to 
say, in full operation, and must be fed equably and constantly 
night and day till the manufacturer thinks fit to blow it 
out, either for the purpose of repairing it, or of reducing his 
make of iron. At certain intervals, generally twice in the 
twenty-four hours, the furnace is tapped; that is to say, 
the stoppage of sand which closes an orifice at the bottom 
is knocked away, the liquefied metal rushes out, and is guided 
successively into moulds of sand in the form of short thick 
bars, which, by a rude metaphor, as old as the invention of 
casting, are called ‘pigs,’ while the main channel down 
which the red-hot torrent flows is called the ‘ sow.’ 

The invention of the hot blast gave a new and mighty im- 
pulse to the production of iron. Though Mr, Scrivenor * 
mentions the remarkable fact that in the furnaces of Peru a 
contrivance has been noticed for letting the air pass over hot 
coals, and thus become heated in its passage to the fire, yet 
it was personal observation, and not archaeological research, 
that, in 1829, suggested to Mr. Neilson, of the Clyde Iron 
Works, the possibility of economising fuel by substituting hot 
for cold air in blowing his furnaces. Before this important 
discovery more than eight tons of coke had been required to 
produce one ton of pig-iron ; but on heating the blast, pre- 
viously to its entering the smelting-oven, to a temperature of 
300° P., it was found that a saving of two and a half tons of 
coal could be made on every ton of iron, and on raising it to 
the temperature of 600° P. — a heat somewhat more than suf- 
ficient to melt lead — a still more considerable saving of fuel 
was effected, while at the same time the important discovery 
was made that at this high temperature bituminous and even 
anthracitic coal might be used instead of coke. Another 
advantage was, that the same steam power now sufficed for 
applying the blast to four furnaces which had formerly been 
required for three ; and the total result of the improvement 
was a savivg of 72 per cent, of fuel. Thus we have here 
another instance of the important results that may be gained 


* ‘ History of the Iron Trade.’ 
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from a single good idea wLen worked out by clever practical 
meuj for tbe hot blast has most assuredly increased tbe wealth 
of England by many millions a year ! 

Another circumstance likewise tended considerably to in- 
crease the production of pig-iron. It was found that the hot 
blast not only had power sufiGlcient to produce in the raw 
coal the requisite intensity of heat, but also to expel from it, 
to a certain extent, the sulphur, which injured the quality of 
the iron, and thus a great economy in labour as well as in the 
quantity of fuel was effected. Since then the black-band, an 
iron-stone found in great quantities in Scotland (and also, to 
a less extent, in Wales), but not readily convertible into iron 
by the old methods, and also the ISTorthamptonshire and the 
Cleveland ores — discoveries of a later date and of an incalcu- 
lable extent—have been made by the hot blast to yield their 
iron in great abundance. 

The power of using the black-band alone in the furnace — 
and not, as before the introduction of the hot blast, in 
small quantities only, and combined with other ores — con- 
stituted a new era in the manufacture of iron, and gave 
to Scotland, till then an iron-making district of little 
importance,* the pre-eminence over all others for the pro- 
duction of soft fluid iron, best suited to ordinary founding 
purposes. 

The Cleveland district, formerly unknown in metallurgy, is 
now the seat of a vast industry, keeping more than a hun- 
dred furnaces in blast. 

The head-quarters of this new iron-country are established 
at Middlesborough, on whose site there existed but one house 
in 1829, but which in 1861 had grown into a town of 24,000 
inhabitants, and still increases at the rate of 1,000 a yoa,r. 
Branch railways bring the stone here for smelting from all 
the neighbouring quarries ; and the dense cloud of smoke that 
hangs over the place serves as a land-mark, not only from 
the high ground of Yorkshire, but even from some parts of 
Westmoreland. 


f formerly so sca.:ce m their country that in the times of the 
for^^ f to malce predatory incursions into England 

for the sake of_ the iron they could cairy off. Now they noli, only manufacture 
sufficient for their own use, but actually export above half a-million tone, 
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But MiddlcBborougli, *tlie youngest child of England’s 
enterprise,’ as it has been called by Mr. G-ladstone, is by no 
means one of the loveliest of her ofi’spring. Scarcely a blade of 
grass, and not a single tree, relieves the dull monotony of its 
dreary strecjts of small houses, darkened by perpetual smoke, 
■which, as the wind sways it, affords, at rare intervals, glimpses 
of distant lulls or of the Tees, serving only to make this prison 
of a town more gloomy. Mines and furnaces have also 
been established in other parts of the district — in Ehosdale, at 
Orosmontnear Whitby, and else where — and not a year passes 
without the opening of new veins and the rising of new 
smoke-clouds amid the lovely dales of north-western York- 
shire. The iron which eventufilly finds its way to Middles- 
borongh is sent thoneo to every part of the world. Its 
(piality is essentially inferior to that derived from, the coal- 
measures ; but for t)rdinary purposes, tind for mixing with the 
■finer* classes, it is of groat value. Looking to the future, -we 
cannot doubt that the Middlosborongh district is destined 
to have no rival in any part of the world, for oven now 
its works compete in inagniludo with those of our old iron- 
fields. 

A niaterifil whicdi bad hi'lhorto been thrown away was 
also, by the agency of tbe hot bhist, made available for tlie 
purp 08 ('S of the iron master. Tho M‘.ap cinder,’ or refuse of 
the puddling furnace (which is not to be confounded with 
the cinder of tho blast furnace), contains a considerable per- 
(Huitfige of metiil, and when thrown again into the furnace 
grcjitly increast^s the yiedd, though it imoportioually deterio- 
rat('8 the quality, of the iron. Tho results of all these suc- 
(‘(‘ssivo diHcovcunes and innovations, aided by the facilities 
of transport afiurded by canals and railroads, are truly as- 
ionislung. 

Tbo make of iron •whitdi, on the introduction of steam, had 
suddenly ris(m to nearly 50,000 tons per annum, reached 

125.000 in .1700, and in. IHOG had advanced to nearly 
200,000. In .1825 tlie make wa,s nearly 600,000 tons; in 
3 84-0 it ajnonnied to 3,000,000 toiis ; and in 1854 to 

2.700.000 tons. In 1865 it nw.hed tho enormous figure of 
4,819,254 tons, and in 1870 no less than 5,560,451 tons of 
pig-iron were produced —a colossal expansion without a 

A ft 2 
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parallel in tlie annals of mG.tallnrgic industry. The number 
of furnaces in blast in 1873 was in England 448|, distri- 
buted over 164 iron works ; in Wales 109, distributed over 
34 works ; and in Scotland 126, over 27 works. To supply 
these furnaces there were raised 15,677,499 tons of ore, the 
estimated value of which at the place of production was 
7 672,6761., and imported 1,242,636 tons of foreign ore. 
The value of the pig-iron, at the mean average cost at the 
place of production, was about 40,000,000^. 

On reviewing the chief districts which furnished this in- 
credible mass of iron, we find Yorkshire taking the lead with 
5,750,029 tons of argillaceous carbonate, and NorthamxDton- 
shire following next with 1,412,256 tons of hydrated oxide. 
Cumberland and Lancashire respectively produced 1,229,826 
and 926,497 tons of red hematite, which, consisting almost 
entirely of red peroxide of iron, is reckoned among our best 
ores. Staffordshire, North and South, yielded l,018y530 
tons of argillaceous carbonate, and Shropshire and Lincoln- 
shire 430,726 and 420,281 tons of argillaceous carbonate and 
hydrated oxide j Derbyshire (365,127 tons), Gloucestershire 
(199,342 tons), Wiltshire (140,139 tons), Northumberland 
and Durham (123,282 tons), likewise yielded large quan- 
tities of iron ore which a hundred years ago would have 
seemed prodigious. The counties of Cornwall and Devon, so 
rich in tin and copper, produced only 31,455 and 9,514 
tons of iron ore. The production of Scotland amounted to 
1,986,000 tons of argillaceous carbonate and black band, 
and that of South Wales and Monmouthshire to 943,926 
tons of argillaceous carbonate and brown hematite.* 

The finest iron ores — such as the black oxide or magnetite, 
specular iron, and spathose iron, or sphserosiderite, which 
furnish the best kinds of iron — are unfortunately but of rare 
occurrence in Great Britain. 

As we see by the following tablet of the production of 
cast iron in the chief European mining States — 

* ‘Mineral Statistics of the United Kingdom for the Year 1873/ by E. Hunt, 
Keeper of Mining Records. * 

t From the official reports of the International Jury of the Universal Exhibition 
of 1867 in Paris. 
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Ocanfcrlea 

Yoara 

Tons 

Yours 

Tons 

Oroafc Pritain . , 

1840 

1,400,000 

1805 

4,527,000 

Fi'unoo 

1845 

271,000 

1801 

1,213,000 

PniKHia . . 

1835 

32,800 

1805 

772,000 

Pcilpum 

1846 

184,500 

1801 

450,000 

KiiHsia 

1838 

171.000 

1805 

278.000 

AnBlria 

1835 

200,000 

1805 ‘ 

250,000 

Hvvodou . 

1835 

07,500 

1 805 

227,000 

Spain .... 

1850 

20,000 

1 805 

48,000 

Italy .... 

1838 

20,000 

1805 

27,000 


France occnpied the next rank to Great Britain in 18G4; Lnt 
in 18G0 the German Zollverein produced 1/K)(),000 tons, and 
France only 1,360,000 tons, from which the production of 
Elsass-Lorraiiie, ainoiintiiif^ to 250,000 tons, must now bo 
dodnetod, and added to that of the Gorman Fmpiro. ISTassau 
possesses inexhaustible supplies of specular iron ore of !i 
reniarkable purity, which not only fe('d the blast funiaeoH of 
'Westphalia, but are also ]ar<jf(;ly (‘xported to Eng'land. 

In proportion to the smallness of lu^r tiuTitory Bidffimn 
(440,000 tons) rivals Great Briiain in the production of iron, 
and Hur])asses the vast (unjnre of tlui Gzar (IDO, 000 tons). 

But ituHsiii ln),H tlie advant.n.»-e over all the (soutdru'S pro- 
vhmsly mentionc'.d of ia)asessinfj;' im'xlniustiblo d(',[ioHitH of 
magiKstic iron ore (magnetic loa.dHtone — nuigneilhs) which 
affoi'ds bar-iron of the very la'st quality ; a.nd though hitlu'rto 
the immense distances which s(‘parate the mines from the 
larger centres of consumption have retarded the progress of 
the iron manufacture, the construction of railroads is gradu- 
ally overcoming thest5 ohstach^s; and possibly even the now 
nnworkcal Siberian mines of the AUu’i and of Transbaikalia, 
where coal is found along with iron, may a(‘((tiirc importaiuuj 
at a not far distant time, Atiim'smit tlu^ chain oftlue (lural 
(Pormiuj and Orenlmrg) furnishes nine-tenths of all ilu‘ iron 
prodiujed in the empire. The most, rmnarkabh} of the ( )nraliaii 
mines is the famous magindic mountain Wissokaja (torn-, 
in the nciighbourhood of Nishm'-Tagilsk, which BiUer the 
Great bestowed in 1702 on the armonn'r Nikita Dmnidotrof 
Tula, along with a vast (*xt(nit of forusts a,nd arahhis la.nd. 
This magnetic mountain or hill, which is 300 fathoms long, 
250 broad, and 240 feet high, rises from the midst of a 
plain, in the form of a broad, ilat (‘miiumm*. It (uensists 
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almost entirely of pure mngm'iic iron orr, and is worked 
like a.ii open quarry; but, on aecouiit of its hardness, 
tho ore requires to ho hlasied wi(-li powdi'r. Althon<,di 
many inillious of tojis have heoii exiraeted froiu it sineo 
it first came into tho possession of tho Demidoff family, it 
may easily, he imagined that a mass of at least 000,000, OOO 
cuhic feet of iron-ore is not easily removed, and will ouilast 
the lahours of many generations, Tlni quantity of cast-iron 
annually produced amounts to 25,000 tons, which is couverttHl 
(xmrtly at ISfislmo-Tagilsk and ])u.rily in the neighhonring 
forges) into bar- iron, anchors, kettles scytlu's, nails, win', &c. 
The excellent quality of the iron allows it to be rolled into 
very thin plates, whieh are frequmitly made use of in Knssia 
for the rooting of houst's, and are also iminufaetured at 
Nishue-Tagilsk into hicqiu'n'd wart's, whieh hud a ready sale 
throughout the whole of Europc'an and Asiatic Bussia. 

The iron industry (250,000 tons) of Austria has Its ehii'f 
seats in Styria, Carinthia, and Bohemia, and, though out 
of proportion with tho vast natural resources of tho empire, 
has of late made rapid xwgress. The ores, which are of an 
excellent quality, are mostly smoltod with charcoal, as tiny 
are generally situated at a great distance from tho coal 
mines. The Noric or Sbyrian iron has enjoyed an excellent 
reputation ever since the time of tho Bomans, wlum the 
imperial manufactory of Lanrcaenm on the Banuhe supplied 
tlie legions with swords and javelins. 

In a pass of tho Styrian Alps, hetwtum tho valleys of tlm 
Mur and the Eniis, lies one of the mostrt'iuarkable iron mine's 
in tho world — tho famous Erahorg or iron-mountain, which 
rises to a height of 3,000 feet, and whoso suimnit and siiles 
are almost everywhere coated with a thick mantle of the 
richest ore. Authentic records show that it has been worked 
ever since the year 712 ; and probably the Bomans derived a 
part of their Eoric iron from this source, as the oiv is not 
here concealed in tho bowels of tho earth, but crops out ou 
the surface, near a mountain pass uhich was xindoiibiedly 
known to them. As a.t Mslmo-Tagilsk, tlm ore thus con- 
veniently situated is qxuirriod from the mountain, and thus 
in course of time extensive excavations or g|'otfcces hawe 
been formed all over its surface, affording a most interesting 
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spectacle. Tlxo bottom of tliese iron-stone pits is iiTef^iilarly 
strewn with largo blocks of ore, tlirmigh wliieli wind 
narrow footpaths. Eoads load from one pit to the oihorj 
and close by are situated the small huts in each of which ten 
or twenty of the miners sleei) as long as the working setison 
lasts, for their families generally live lower down in the 
deeper valleys. On the tox") of the mountain stands a colossal 
crucifix of iron, near which an annual thiMiksgiving fiuist 
is celebrated. Though the mines are (uisily work(‘<l, the 
conveyance of their x>rodnce to the sinelting-ovcnis of JOiseiun’K 
and Tordernborg is a matter of nmcli greater diflictiKy, 
and requires numerous tram-roads, galleries, and shafts, 
through which tho oro is imocix)itatod from a higher to a 
lower level. At the foot of tho mountain they all nuito in 
Olio main shaft, which leads into a gallery ornamentod with 
a monumental gate. Thus tho whole of the lOrzbc'rg is 
covered with various machines, X)its, horizontal and verti(^al 
galleries, tunnels, and roads, and rex)re8ents as it woimj a mlna 
turnGclmsidc where all the ox)erati()nH wliichart^ tdsewhero 
performed iiiuh'rgronnd are (as at the Clarclazu tin-mine in 
Cornwall) exxtosed to the opiui day. Here, instead of dirty 
and dang(irous laddtjrs, coiiveiihmt ibot,i)aths, bordered with 
trees and illumiiUHl by the sun, lead from gallmy to galltuy 
and from pit to pit; and inshad of ladng contimHl in tlismal 
passages, tho miner enjoys magnitieeiit views of tho grandest 
Alxfino scenery. The annual i)roduco of the Wrzberg amounts 
to 2«),000 tons of oxcellout iron, as tho ore (sparry irotj, 
carbonate of iron, splnorosiderito) is lumidy as pure as the 
magnetic iron-stone of llussia, and aifords natural stcK'l 
with the gnuit(‘Ht fa,ciUty, Tim railroad now htdng made 
in Styria will no doubt greatly ine.nuiHO this })rodnction, 
which might be continued for many thouKn.nd y<'ars without 
(‘xhansting the vast mineral wealth which Nature has here 
deposited. 

Thotigh Sweden furnishes but a small (pamiity of u*on 
(fi2(),00() tons) wlien measured by an JOnglish scale, yet the 
quality of its produce is unrivalled in tluj world. Tlu* purt^sfe 
iron-ores (umgnotio iron-stom*) abound in the moimhiin 
ehaiuB whic'y. traverse the kingdom, and immense forestH 
aUbrd almost inexhaustible supplies of eluuHnnil for their 
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smelting, so that hitherto the want of roads has alone pre- 
vented the prodnction of iron from attaining dimensions oqnal 
to the natural resources of the country. Many of tlu^ rioheat 
mines, particularly in the more northern provinces, have mwiU’ 
yet been worked, as for instance the enormous mounds of 
magnetic ipon-ore at Gellivara (67° hT. hit.) in Swedish 
Lapland, beyond the Arctic circle, which, from their sitnfi,liou 
in a polar desert, have hitherto been totally useless. In IBCid 
an attempt was made to utilise them by means of a railroad 
and the canalisation of the river Lnleo, but after a heavy 
expense the works were finally abandoned. 

Thus the manufacture of iron, which, under more fawournble 
circumstances, would reach as far as its ores extend, is con- 
fined to Dtilecarlia, the more central provinces of Kopp(wb(’rg, 
Wermlaiid, and TJpsala, where the celebrated miiu^s of 


Dannemora, which furnish the fine Oerogrund iron, largdy 
imported into England for the manufacture of st(Hd, dt‘Sf‘rv(* 
our particular notice, both for their ancient nuiown juid 
their wild and colossal grandeur. An excellent road leiuls 
from the famous university town of Upsala to Old UpHaln., 
old and hoary in the fullest sense of the word, for its churcJi 
dates from the Pagan times, and close by rise throe tumuH 
which, according to popular tradition, contain tho nmuiiiiH 
of no less important personages than Odin, Thor, a,nd tlui 
divine Freya. 

Further on towards the north-east, six geograph it-ul miles 
from Upsala, lie the iron-works of Oesterby, reimirkablo for 
their beautiful situation in a natural park of forcisis a.nd luki's, 
and thence lialf-an-hour’s walk over tho plain brings out; to 
the far-famed pit of Dannemora. 


The country around is perfectly level™a succession of pint*- 
woods and open grounds— and no sign announces the vitunily 
of the mine, nntil at length the traveller sees a few huts and 
some machines for lifting the ore, and then suddenly stands 
oil the brink of an enormous pit, or rather of a vast (matin’ 
whose blacTr and precipitous walls inclose an artta of at least 
a mile m circumference. On looking down into tin; abyss 
whmh descends to a depth of 450 foot, and is here and there 
enlivened with patches of perennial snow, he perceivtts alo,,.. 
Its black walls the still blacker entrances to lahyrhithino cuvos", 
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fringed in some parts witlilong stalactites of ice of aquamarine 
transparency and colonr. From some of these hollows the 
flames of piles of fir-wood are seen to creep along the hard rock 
which, they are to soften, and the deep gulf is animated hy 
troops of miners, the distant clang of whose hammers, closely 
resembling the clicking of a number of clocks, forms a strange 
concert with tlie creaking noise of the machinery. Attracted 
hy the novelty of the interesting sight, the eye wanders from 
one object to another, and time steals on rapidly and un- 
perceived — when suddenly a bell tolls, and the scene as 
suddenly changes. 

It is noon, and the tuns, which before were hauled up from 
the deep laden with ore, are now seen ascending with a 
living freight — men, women, and children — standing quite 
unconcernedly on the narrow edge of the tub, and holding 
with one hand the chain to which it is attached. 

Soon a deathlike silence reigns in the pit — a striking con- 
trast with the noise and life it erewhile displayed ; and now 
loud shouts are heard, warning all those who may have 
remained behind that the battery prepared during the 
previous working hours is about to explode. Again a pro- 
found silence — and then loud thunder I nrsts forth, with many 
an echo, from the depth of the abyss. 

For several minutes the whole neighbourhood trembles as 
if shaken by an earthquake. Through the black clouds of 
smoke which ascend from the gulf, pieces of stone or ore are 
hurled upwards, frequently far heyond the brink of the pit, 
and moat of the detonations are followed by the crash of the 
falling fragments rent by the explosion &om the mother- 
rock. 

For many centuries this remarkable mine has afforded 
employment to many hundreds of workmen, without showing 
any signs of exhaustion ; for its mighty mass of magnetic iron- 
ore descends to anunknown depth, and seems to be practically 
inexhaustible. 

Though the mineral resources of Spain are immense, yet 
its iron -industry is so little developed that more than two- 
thirds of the excellent ores of Biscay, instead of being smelted 
in tbe country, are exported to France and England. 

In Italy the red oxide and magnetic iron-stone mines of 



302 


THE STJBTEERAIfEAN' WOELD. 


Elba have been celebrated since the remotest antiquity ; but, 
from the want of fuel on the island, their entire produce, 
which amounts to about 100,000 tons, is exported to the coast 
of Italy, to Erance, and to England. The principal mines are 
situated on the slope of a steep mountain fronting the sea, 
and are divided by horizontal terraces into five stories or huge 
steps communicating with each other by means of oblique 
roads, on which carts convey the ores to the shore. Though 
worted for more than 2,000 years, the mines, which occupy 
about 700 workmen, are apparently able to supply the wants 
of the remotest posterity. 

On turning to America we find the United States making 
gigantic strides in the extension of their iron manufacture, 
which has risen from 847,000 tons in 1840 to 2,000,000 tons 
in 18695 here none of the elements of progress are 

wanting — a boundless mineral wealth, liberal institutions, 
which allow the freest scope to individual energy, and' an 
unrivalled spirit of enterprise — there can hardly be a doubt 
that finally the United States must become the first iron- 
country in the world. The masses of magnetic iron-stone 
and red oxide which extend along Lake Superior, over a 
length of 120 miles and a breadth of from five to thirty, would 
alone suffice to provide for the wants of the whole of the 
human race for many thousands of years. They only began 
to be worked in 1849 ; and in 1866 the railroad which leads 
from the mines transported 204,464 tons of ore. 

The thriving town of Marquette, the central point of this 
new seat of industry, was, scarcely twenty years ago, a com- 
plete wilderness, where the Eed Indian pursued the beasts of 
the forest, unconscious that the treasures concealed beneath 
his natal soil would one day be the cause of his expulsion 
from the hunting-grounds of his fathers. 

The State of Missouri possesses two ‘ iron-mountains ’ simi- 
lar to the magnetic mountain of the Demidoff : one of them, 
caUed Pilot Knob, is 600 feet high, the other 220. An immense 
mass of magnetic oxide has also been discovered in California, 
near the northern extremity of the Sierra Nevada. But 
though iron is found in abundance in many parts of the Union, 
(Tennessee, North and South Carohna, Georgia, &c.), the 
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Siatns of Now York and Pennsylvania produce by far tlie 
greatest quantity. 

Bnizil and the island of Cuba likewise contain vast deposits 
ol' the ric.lu'sfc iron-ores ; and in Mexico we find the famous 
Cerro del Mercado, an iron-mountain 683 feet high, which 
rises in grotesque form from the valley of Durango. This 
wonderful mound has been calculated to contain 3,244,000,000 
cubic feet, or 454,000,000 tons, of magnetic iron ore, capable 
of yielding 200,000,000 tons of cast iron, or more than fifty 
tinu'S the annual X‘)i‘’oduction of Great Britain ! A more in- 
dustrious and civilised race would here find a boundless 
field for profitable emj)loyment j but the indolent Mexican, 
stGei)ed in ignorance and falling from one revolution into 
another, still loaves these treasures almost untouched, and, 
neglecting the vast resources of his country, draws nearly 
his whole supply of iron from the distant forges of Great 
Britain. 
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CHAPTER XXIX. 

LEAD. 

Its Properties and extensive Uses — ^Alston Moor — Belgian Lead Mines — Q-alena 
in America— Extraction of Silver from L ad Ores — ^Pattinson’s Process — A 
great part of our wealth is due to the laboratory. 

L ead -was but llttle prized by tbe ancients, wb.o, un- 
acquainted with gunpowder, needed no bullets for war 
or for tbe cbase. Tbe bistory of its first discovery is lost in 
obscurity, but it probably became known mucb later than 
copper or tin, as less metaUurgic skill is required for the 
smelting of tbe cupreous or stanniferous ores than for the 
reduction of galena or sulphide of lead, which is the most 
abundant of tbe plumbiferous ores, and may indeed be 
regarded as tbe only commercial ore of any value, if we 
except tbe carbonates, which are probably formed by its 
decomposition. 

Lead, however, is mentioned both in tbe Book of Job and 
in tbe fourth book of Moses. ‘ Oh ! that my words were 
graven with an iron pen on tablets of lead,’ exclaims the 
long-suffering patriarch; and tbe legislator of tbe Jews 
commands bis people to "make go through tbe fire gold, 
silver, brass, tin, and lead, and everything that may abide 
it.’ The Phoenicians, who provided Greece and Egypt with 
Spanish lead, frequently made use of this metal to increase 
the weight of their anchors; and Herodotus, describing a 
bridge in Babylon, mentions that its stones were fastened 
with clasps of iron soldered with lead. The physical 
properties of this metal quahfy it for a great variety of 
uses. As it is but little altered by exposure to air or water, 
it makes excellent pump-tubes and rain-gutters ; while its 
considerable weight, its softness, its flexibility, and the 
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facility witli wMcK it melts at .a comparatively low tempe- 
rature, render it an invalnable material for tlie soldier’s 
bullet or tlie bnntsman’s sbot. Combined with oxygen it 
forms the pigment called red-lead or minium, and united 
with carbonic acid white-lead or ceruse, which is still more 
frequently used in painting. 

In the manufacture of glass and crystal it plays an 
important part, as it forms one of the chief ingredients of 
flint-glass and crown-glass, of which, as is well known, the 
achromatic lenses are made which have so wonderfully 
improved the distinctness of our telescopes. United with 
tin it forms an alloy which is more fusible than either metal 
alone, and which is consequently used as a solder by the 
plumbers, while with antimony it combines into a hard mass 
which serves to make letters for the prfnting-press. All 
these various uses absorb immense quantities of lead, and 
render it one of the most valuable products of the subter- 
ranean world. 

Among the lead mines of Europe we find the first rank 
occupied by those of Spain, which in 1863 furnished the 
enormous mass of 309,940 tons of galena. The principal 
mines are situated in (xuipuzcoa, Catalonia, Arragon, the 
Sierra Moreua, and above all, in the mountain chain of the 
Alpuj arras, where the rocks of the Sierra Gador are every- 
where traversed by veins of galena. The production of 
JiTorth Germany is also very considerable. In 1865 Prussia 
furnished 57,808 tons of galena, and the Hanoverian Hartz 
Mountains, which produced 101,411 tons in 1864, and now 
belong to the same monarchy, have raised its previous pro- 
duction to a threefold amount. 

The chief lead mines of England are situated near Alston 
Moor, where the three counties of Northumberland, Durham, 
and Oumberlaiid meet together. The lofty hills of the 
district, hare of wood and almost wholly covered with marshy 
heaths, are intersected by the valleys through which run the 
Tyne, the Wear, and the Tees, with their numerous branches. 
The country, though little frequented by tourists, is wild and 
} 3 ieturesque ; hut the deep gorges with which it is furrowed 
have more than a mere romantic interest, for they lay open 
to view numerous veins of ore, and direct the operations of 
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tile miner to the places where it is sufficiently abundant to 
reward his toil. The town of Alston, the mining centre of 
the district, is beautifully situated close to the river Tyne, 
which, about five miles above it, ascends, between lofty hills, 
to the foot of Cross Fell, this picturesque mountain g'iviag- 
a character of considerable grandeur to the surroniKling 
scenery. The mines of the Alston Moor district prodncod in 
1873, 20,859 tons of lead. The wateis are drawn off by long 
adit levels, and the ores are dragged out by horses to the 
day. This region extends southward to the Yoidcshiro 
valleys of Swaledale, Arkendale, and to Grassington, where 
numerous lead mines are worked under very similar circum- 
stances.* 

Another important group of veins of lead occurs in the 
slaty rocks of Cardiganshire and Montgomeryshire, all of 
which have an E.W. direction, although so far from piirallol 
that they often meet, and frequently form at such points of 
intersection ‘courses of ore.’ Some of these mines have 
been already profitably worked, in the seventeenth century. 
In 1873 they produced 10,061 tons of lead. 

Shropshire, Derbyshire, Cornwall, and Denbighshire follow 
next with a yield of 5,623, 3,1 16, 2,923, and 2,242 tons. TTiut- 
sliire produced 1,470 tons, and Caamarvonshiro 738. 

There are also considerable lead mines in the south of 
Scotland, at Wanlockhead and Leadhills in LanarlcBliire ; 
and those of Strontian, in Argylesliire, likewise deserve to bo 
noticed. The Isle of Man has two important load iniuos, 
the Foxdale and Laxey, the former remarkable fur the groat 
size of its main lode. The elevated tracts of Wicklow like- 
wise contain some valuable lead mines, at Luganuro and 
Glenmalure. 

The island of Sardinia, already renowned among the 

* In 1873 the total produce of our 206 load miijoa araoxnitcd to 72, !)(.)() tons of 
ore, which yielded 64,236 tons of lead. In tho same year wo iniporlud 11,088 
tons of ore and 62,563 tons of pig and shoot load, chiefly from Spain, Urooee, 
and Italy. Our principal mines are Van in Montgomoryshire (6,740 tons of ore 
in 1873, besides 48,824 ounces of silver); Allendale in Durham (8,370); Prank 
Mills (3,567) and Exmouth (2,631) in Devonshire ; Stonocroft and Oroysido (2,086) 
in Weardale ; Roman Gravels in Shropshire (2,660) ; Ohivorton West in Uormvall 
(2,224) ; and Minera in Denbighshire (2,913). Tho produce of;porao of the mines 
is ludicrously small. Budniek Consols in Cornwall produced in 1873, l-l cwt. of 
lead ore, value Ql. 12s., and CreuvorO cwl., value 27. 11s. 
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ancients for its rich lead mines, produces about 15,000 tons, 
or nearlj as mucli as Trance, where, however, the extraction 
of galena has of late years made considerable progress. 

Belgium, which in 1841 produced no more than 84 tons, 
raised in 18C4 no less than 16,780 tons, chiefly from the 
mines of Bleyberg-a-Montzen, situated in the carboniferous 
limestone near Yerviers. To render these ricii deposits 
available, vast difficulties had to be surmounted by the united 
powers of enterprise, capital, and engineering shill. Eivers 
and broohs, diverted from their ancient course, were made to 
•flow through new water-tight channels ; and such is the 
amount of drainage required in that aquiferous region, that 
engines of two thousand horse-power have to raise from a 
depth of 300 feet a daily quantity of 800,000 cubic feet of 
water. 

In Greece the immense mounds of scorise accumulated 
nea\' the ancient silver mines of Lanrium have been found 
to contain about ton per cent, of lead. Their total mass is 
estimated at no less than 3,000,000 tons, and they afford 
a convincing j)roof both of the importance of the ancient 
silver production of Attica and of the imperfection of the 
old Athenian mining operations. A Trench company has 
lately been formed for smelting this prodigions aoonmnlation 
of scoriae, once cast aside as rubbish. 

In Siberia the famous lead mines of Nertschinslr, where 
many an unfortunate exile is doomed to end his days, are 
worked merely for the silver contained in them. 

In South America, the Chilian lead mine of Mina Grande, 
near Coquimbo, is renowned for its extreme richness, and 
Brazil has considerable veins of galena, in the province of 
Minas Geraesj but probably the United States of North 
America (Wisconsin, Arkansas, Iowa, Illinois), possess the 
largest galena deposits in the world. In Wisconsin they 
extend all over a vast territory of more than 4,000 square 
miles. As yet the works are conducted in the most negligent 
maimer, by a crowd of adventurers. In winter, when the 
air in the pits is more salubrious, and agricultural labour 
ceases, needy farmers, bankrupt traders, and thriftless artisans, 
flock from all parts to the lead country, for the purpose of 
repairing then* broken fortunes. In summer, when malaria 
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renders tlie pits extremely unhealthy, this nomadic population 
melts away like chaff before the wind. Yet, in spite of the 
rough mode of extraction which prevails in the American 
lead country, the mines of Iowa, Wisconsin, and Illinois, 
yielded about 20,000 tons of lead in 1866, and their produce 
is constantly increasing. 

In all lead mines the galena often occurs in pieces so 
large that they do not require to he separated from the vein- 
stone by the processes of stamping and washing. They are 
then called pwe ores, and the most simple preparation is 
sufficient to prepare them for the smelting furnace. When 
the ore has been picked and so far imepared, it is first 
roasted or heated in a reverberatory furnace — an operation 
which causes the oxygen of the air to combine with the 
two elementary bodies of which galena is composed. After 
undergoing this chemical change, the ore is mixed with 
coke, charcol, or peat, and reduced by smelting in a sjnall 
blast-furnace of a peculiar kind. Under the influence of 
heat, the carbon of the coal, uniting with the oxygen of the 
ore, flies off in the form of carbonic acid gas, while the 
metallic lead, which in the fl.ner ores amounts to 70 or 80 
per cent., sinks to the bottom of the furnace. Almost all the 
varieties of galena contain a greater or less i')roportion of 
silver, which it is often found worth while to separate from 
them. This process is at present effected according to a 
most ingenious method, founded on the circumstance first 
noticed in the year 1829, by the late H. L. Pattinson, of 
Newcastle-on-Tyne, that when lead containing silver is 
melted in a suitable vessel, afterwards slowly allowed to cool, 
and at the same time kept constantly stirred at a certain 
temperature near the melting point of lead, crystals begin 
to form. These, as rapidly as they are produced, sink to the 
bottom, and on being removed are found to contain much 
less silver than the lead originally melted. The still fluid 
portion, from which the crystals have been removed, will at 
the same time he proportionally enriched. By repeated 
meltings and crystalHzations in a series of cast-iron pots 
with fire-places beneath, the workman is thus able to de- 
prive almost entirely of its silver by far the largest portion of 
the lead operated upon, while the remainder becomes an 
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exceediugiy ricli alloy of both metals, so as to contain fifty 
times its oiiginal proportion of silver. This rich lead is 
subsequently exposed in a refining furnace to a strong blast 
of air at a high temperature, fresh supplies of lead being 
constantly introduced as the operation proceeds. By this 
means the lead becomes rapidly oxidized and converted into 
litharge, which partly runs off in the fluid state, and is 
partly (about 10 per cent.) lost by sublimation, while the 
silver forms a cake at the bottom of the cupel. The 
brightening of the silver, which lustrously shines forth at the 
moment of the separation of the last traces of lead, indicates 
the precise period at which the operation should be ended, 
and the blast is then turned off and the fire removed from 
the grate. Before the introduction of Pattinson’s ingenious 
process, the separation of the silver from the lead was 
attended with a much greater loss of the latter metal, as 
greq;ter quantities had to be cupelled to effect the same result. 
The economy obtained amounts to no less than 98 per cent; 
for where formerly 100 cwt. of lead were lost by sublimation, 
the same quantity of silver is now obtained with a loss of no 
more than 2 cwt., and at the same time with a considerable 
saving of feul. 

Ores very poor in silver, as for instance those of Alsbon 
Moor or Derbyshire, which formerly could not be profitably 
cupelled, are advantageously treated by the Pattinson pro- 
cess, which in its turn is giving way to Parkes’ new method 
of separating the silver from the lead by means of the more 
powerful affinity of zinc. This is but one example of the 
valuable practical results which may be obtained from a 
single scientific discovery. But chemistry has introduced 
thousands of similar technical improvements in almost all 
branches of manufacturing industry ; and were we to add 
together the profits thus obtained, we should find that a 
great part of our wealth is due to the laboratory. 
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CHAPTER XXX. 

MEROXTET, 

Nob considered as a true Metnl Ly the Ancionto—Ils Properbles and Uhos— 
Almaclen— Pormorly -worlcod by Convicts— Disoasofi of tbo Miiu-rs— Idria — Its 
Discovery — Oonflagraliov of iho Mine— Its Produeo — Huanciivolica — New 
Almadon. 

A MONG- the metals Imown to antiquity mercury wn,R ilui 
, last discovered. It is mentioned neither in the liiblo 
nor ill Homer, who accurately, though briefly, dtistiribes the 
characters and uses of all the other ancient nuitals ; but we 
learn from the works of Aristotle that its discovtU’y must 
have ineceded the times of Alexander the Groat. 

Erom its always remaining fluid in the tempcn’at(J climattis 
of the earth, it was, however, not considered as a true* iiu‘ta.1 ; 
for the ancients had no means of ascertaining that at the low 
temperature of— SO® Eahr. it becomes malleahle andaHSunu's 
the solid form. The Greeks called, it Ilydrargyroa or tmitv.r- 
silver, from its fluidity and argentine colour ; the Romans, 
' argentum vivum,’ or live silver, from which our ' quick- 
silver ’ has been derived; and in the Middle Ag(i8 the alche- 
mists gave it the planetary name of Mercury, which has 
been generally adopted in modern scientific language. 

At a very early age cinnabar (suliihido of mercury) —the 
beautiful scarlet ore from which it is chicdly obtained— -was 
employed by the ancients as a colouring material for im- 
parting a florid complexion to trinmidiaut generals or to 
guests at the festive board. The extent tt) which iliis cos- 
metic was used may be inferred from the facts numtioned 
by Pliny, that the Greeks imported red cinnabar from 
Almaden 700 years before the Christian era, and that Rome 
in his time received 700,000 pounds from the Same mines. 
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As tliG alchemists considered qtiiclcsilver as the fittest 
suhstaiico for transinutaiioii into gold, it became the subject 
of inmimorablo experiments; and though these manipula- 
tions had not the desired effect, they accidentally led to the 
discovery of several of its combinations, which soon became 
known as powerful medicines. But it was reserved for 
modern times to appx'eciato and understand the full im- 
portance of mercury, and to extend the tield of its utility 
to a variety of uses unknown to former ages. 

Alloyed with tin-foil, it forms the reflecting surface of 
looking-glasses j and by its ready solution of gold and silver, 
and subsequent dissipation by a moderate heat, it becomes 
the great instrument of the arts of gilding and silvering 
copper and brass. The same property makes it available in 
extracting these pi’ociona medals from their ores. To science 
it is ti substance of paramount value, its groat density, and 
its. regular I'ato of extension and contraction by increase and 
diminution of temperature, give it tlio preference over all 
liquids for filling barometer and tbermometer tubes, so that 
without mercury wo should know but little indeed about the 
laws of caloric and of atmospherical jiressuro. In chemistry 
it funuHlu^H the only inoauR of colleciing naid manipulating, in 
iho i>nonmatic trough, such gasiHius bodies as are condensible 
over wat(‘r. To its aid, in this respect, the modern advance- 
ment of chemical discovery is pre-ominontly duo, and without 
its assistance many a branch of industry which now greatly 
adds to the wealth of the nation could never have existed. 

Mercury does not rank among those metals which are 
copiously disseminated over the surface of the earth. Con- 
Hitlei’able dqiosils or veins of oven its commonest and most 
abundant ores (red cinnabai*, hepatic cinnabar) are confined 
to a few spots, and all Europe possesses but two important 
quicksilver mines— at Almadeii in Hpain, andidria in Caniiola. 

The Sierra Morena or the Black Mountains in the Iberian 
Peninsula, so well known as the scene of tlio exploits of Don 
Quixote, are no less renowned in the mining world for their 
Hubteminean riches, among which Ihe famous quicksilver 
mines of Alraaden did Azogue hold a conspicuous rank. 
This small town of about 10,000 inhabitants is situated on 
the nortlu*ni*l)order of the above -immtioutHl mountain oliain, 

1) it 2 
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ab tTie soutli -•western extremity of tire province of Kew 
Castile, and, nnlike most otker Spanish cities, a.ffords tlie 
pleasing siglit of well-bnilt liouses and clean and regular 
streets. As is generally tlie case in mining districts, tlio 
neiglibonrliood is sterile but picturesque, and from tlie neigh- 
bouring mountains magnificent prospects open on every 
side. 

The mines of Almaden, after having been the property of 
the religious knights of Calatrava, -wlio had assisted in ex- 
pelling the Moors, -were farmed off to the Fuggers, the 
celebrated merchant princes of Augsburg, ■whose descendants 
still rank among the high aristocracy of Germany. After- 
wards, from the date of 1645 till the present time, they have 
either been worked on Government account or farmed oft' to 
private companies. A visit to these celebrated mines is 
highly interesting. A spacious tunnel or gallery, completely 
walled with solid masonry, leads into the bosom of the 
mountain, and branches out at its extremity into several 
galleries hewn in the slate which forms the matrix of th(‘, 
vein. One of these galleries conducts to the Boveda do 
Santa Clara, a vast circular hall in which formerly stood a 
horse-gin for raising the ore to the surface. At present, 
however, this work is performed through a shaft which 
descends to the lowest level of the mine. From another 
gallery convenient stairs lead down to the first working level 
of the mine, and thence short ladders to the deeper stories. 
The shafts are wide, the galleries high enough to allow one 
to walk upright through them. The upper stories arc filmost 
thoroughly dry, the lower ones humid ; the water, howevci’, 
is easily removed by hand-XDumps, which raise it from story 
to story into a large subterranean reservoir, emptied once a 
■week by a steam-engine of fifty-four horse-power. The 
veins are so extremely rich that, though they have been 
worked pretty constantly during so many centuries, the mines 
have hardly reached the depth of 1,140 feet. The lode 
actually under exploration is from fourteen to sixteen yards 
thick, and it becomes thicker still at the crossing of the veins. 
Its present annual produce amounts to about 20,000 cwt. 
of pure mercury. The ore presents a beaTitifnl sight in the 
galleries where it is worked, on account of^the dark red 
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flittering colour of tlie cinnabar, wbicb is sometimes earthy 
aud sometimes forms compact crystalline masses, or fine 
crystals mixed witli calcareous spar. Often when a hewer 
detaches a block of ore with his pickaxe, quicksilver masses of 
the size of a pigeon’s egg roll from a crevice in which they were 
lodged, and, leaping along the floor, divide into thousands 
of small drops. This, however, is no loss, for all’ the rubbish 
which accumulates in the galleries is carefully collected. 

The ores are treated in thirteen double distillatory furnaces, 
called alodels, and yield only ten per cent, upon an average. 
But the analysis of the ores leaves no doubt that the barbarous 
apparatus employed in its snblimation causes a loss of nearly 
one-haJf of the quicksilver, which is dispersed in the air, to 
the great injury of the workmen’s health. This apparatus 
has remained without any material change for the better 
since the days of the Moorish dominion in Spain. The 
furiiacas are heated with brushwood, particularly with the 
resinous branches of the Cistus ladaniferus, which grows over 
the greatest part of the surrounding mountains. This dark 
evergreen shrub often extends over many miles of ground, 
and when in flower covers the hills with a beautiful snow- 
white carpet. 

Formerly only criminals condemned to hard labour for life 
were employed to work in the mines of Almaden. At sunrise 
they were conducted from aiDi-ison (which stiU exists), through 
a subterranean passage into the mines, where they were 
obliged to toil till evening, when they were led back again 
to their dungeons, so that they never saw the light of day. 
After a few years these poor wretches generally died from 
inhaling the poisonous vapours of the mercury. Eeduced to 
despair, they set fire, at the beginning of the last century, to 
the galleries, which were then constimcted of wood, and 
thus rendered the mining operations impossible for many 
years. Since then only free miners are employed, who are 
well paid, and not allowed to work longer than six hours a 
day. Most of them, however, die at an early age (between 
thirty and forty), and those who live longer are affected by a 
spasmodic trembling, so as to be unable to keep a limb 
quiet. 

After the mines of Almaden those of Idria in Garmola are 
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tlie ricL.est in Europe. ThiS' neat little town lies in one of 
tlie largest and most picturesqe basins of tlie Julian Alps. 
Tbe gigantic and naked rock walls wbicb. inclose the seques- 
tered Talley are only partially decked along tkeir summits 
with clumps of firs ; but lower down the slopes are covered 
with beautiful meadows and forests, and here and there on 
the projecting spurs of the mountains stand picturesque 
chapels, which serve to heighten the beauties of the mag- 
nificent panorama. 

Chance — to which man owes so much both of good and evil 
— also led to the discovery of the subterranean treasures of 
Idria. In the year 1497 a peasant found, in a tub which ho 
had placed under a brook, some drops of a heavy liquid 
shining like silver. Although quite ignorant of the value of 
his discovery, he still was cunning enough to carry them to 
a goldsmith without mentioning the place where he hac 
found them. At length a man named Anderlein, having 
promised him a handsome reward, became master of the secret, 
and associating himself with several wealthy persons, began 
to work the mine. After several years the property passed 
into the hands of a company of goldsmiths of Salzburg and 
Augsburg, which derived such profits from the mine as to 
excite the greed of the neighbouring Venetians, who intho 
year 1510 forcibly drove away the G-ermans, but were soon 
after expelled by the Emperor Maximilian, who, as soon as ho 
heard of this insolent attack, sent some troops into the 
forest of Idria and restored it to its rightful owners. In 1578 
the mine was incorporated among the domains of the State, 
and began to be worked with greater regularity. 

The entrance lies to the south of the town, on the slope of 
a smaU hm projecting from the circular zone of mountains 
which gird the basin. The visitor may either descend, in less 
than five minutes, to the bottom of the pit, through a perpen- 
dicular shaft, in one of the large tubs which serve to raise 
the ore, or he may make use of convenient stairs. Here and 
there are landing-places, whence galleries lead to the various 
fields or stories of the mine, the lowest of which is 1 45 fathoms 
under ground. The vein, however, descends much further, to 
an unknown depth, and its horizontal extent has likewise not 
yet been measured. ® 
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As ilie limestone in wMcli tlie ores are embedded does 
not form a solid compact mass, but is of a loose nature, most 
of the galleries had, from the verj beginning of the mining 
operations, to he artihcially propped. Until the end of the 
last century wooden beams were chiefly used for this purpose 
— a construction which frequently gave rise to fearful fires. 
Thus on March 16, 1803, the workmen saw a thick smoke 
issuing from several of the deepest galleries. It rose higher 
and higher, and spread through the upper galleries of the 
mine. bTo fire was to he seen, no sound of flames was to be 
heard, yet there could be no doubt that the mine was 
burning. Some of the workmen boldly undertook to descend 
to the scene of the fire, hut in vain j they were obliged to flee 
before their enemy, for the smoke was not only dense and suffo- 
cating, but so impregnated with poisonous vapours that no 
livijig being could exist within its reach. An attempt was 
now made to smother the fire by shutting out the air. All the 
galleries were blocked as near as possible to the supposed seat 
of the fire, as well as the two shafts which led to the upper 
world. The mine remained thus closed during five weeks, 
but to no purpose ; for when it was re-opened, the fire burst 
forth more furiously than before. The flames now howled 
fearfully from the bottom of the pit, and the mercurial and 
sulphurous fumes which rose from it threatened instant 
death to anyone who should be rash enough to approach 
them. The director of the mine now resolved to flood the 
works, as a last resource against the ravages of fire. A river 
was turned into the perpendicular shaft, and ran during two 
days and three nights into the pit. On the first day there 
was no perceptible effect, but on the second — whether it were 
that the vapours produced by the meeting of the antagonistic 
elements Avere striving for an outlet, or that new. inflammable 
gases had been, formed— a most terrific explosion took place, 
which made the whole mountain tremble as if shaken by an 
earthquake. The huts close to the opening of the shaft were 
rent to pieces, the stone houses at the foot or on the slopes 
of the hill fell in with a tremendous crash, and the inhabitants 
of Idria, fancying the day of judgment had arrived, fled in 
terror to the ^ills. 

In the mine itself the explosion was afterwards found to 
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have torn np the galleries/ to have burst the vaulted roofs, 
and to have hurled away the stairs. But the victory was 
now won. The vapour gradually drew off, and after a few 
weeks it was possible once more to descend into the pit. 
Two full years, however, passed before the water was fully 
pumped out into the Idriza, where it poisoned all the fishes, 
with the exception of the eels, who, it seems, are proof 
against everything except roasting or boiling. Even after 
all the water had been removed, it was still found impossible 
to work in the mines, partly from the heat, but chiefly on 
account of the venomous fumes, which soon produced all the 
symptoms of mercurial disease. 

In order to stimulate almost superhuman exertions, an 
exorbitant salary was offered to all those who should venture 
to explore the most dangerous passages, and gather the 
quicksilver, which in some places had collected in coiisiderabe 
masses. But many paid for their greed with their lives, and 
for many months afterwards the air remained so noxious 
that the ordinary mining works could not possibly bo carried 
on. To prevent similar accidents for the future, and also on 
account of the increasing scarcity of wood, the galleries have 
since then been walled with stone j but when we consider 
that the whole length of the subterranean passages amounts 
to no less than fifty miles, we cannot wonder that many of 
them are stiU propped with wood, and that as recently as 
1846 fire raged in the mine, which was again quenched by 
putting part of it under water. 


The stone gaUeries are vaulted, and of a masterly con- 
struction, seven feet high and six feet broad. The cost is 
less than one would suppose, as the progress of the minima 
operations furnishes the necessary materials. ^ 

The temperature in many galleries is equal to that of a 
conservator ; and if a floral hall, bathed in light and filled 
with delicious odours, is felt to be diaagrocablj Jiot, the 
warmth of the air is naturally far more intolerable in dismal 
ercarations where the workman pni-sues his laborious task 

foil of dla% “ atmosphere 

™ Almaden, a premature old ageejs the lot of 
the unhappy miners, who while young toemble Uke old 
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men. Yet some attain a tolerably good old age, and be wbo 
reaebes bis forty- fifth year with trembling limbs is said to 
get accnstomed to the effects of the poison, and may then 
live, or rather vegetate, till sixty or seventy. 

Scarcely a.ny animals live in the mines of Idria. Even 
spiders cannot long resist the noxious atmosphere. Rats, 
liowever, formerly existed there in considerable numbers, but 
have almost entirely disappeared since the last fire, which 
i:)roved too much even for them. In some parts of the mine 
the mercury is inclosed in the clay-slate in extremely fine 
globules, so as scarcely to be visible to the naked eye; but 
on removing the ore many of them fall out and collect on 
the floor, in larger drops or small pools, which are carefully 
gathered in leather pouches or bags. By far the greatest 
part of the mercury of Idria, however, is combined with 
sulphur, and is' obtained by distilling the ore in vast furnaces. 

It may easily be imagined that the carriage of a liquid body 
of the weight of mercm-y requires the greatest (jare. The old 
mode of packing, still partly in use, is in sheep-skms, which 
can acquire the necessary firmness only by being tanned with 
alum, and are attentively examined before being used. After 
having been filled, the sack is first tied on a wooden table, 
and, having successfully stood the ordeal of severe pressing 
and punching, is enclosed in a second skin. Two of these 
qcackages, each containing forty-one pounds and a few ounces, 
a, re then placed in a small cask, and three of these in a 
sqnare box. But as, in spite of all these precautions, the 
sacks will sometimes burst, the mercury is now frequently 
transported in large iron bottles, the stoppers of which are 
firmly screwed down by means of a niachine invented for 
the puiqDose. All the quicksilver packed up in this manner 
is sent to Trieste, and thence chiefly to England, while that 
which is destined for Yienna and Germany is exported in 
sacks. 

In the years 1856, 1857, and 1858, 4,570, 7,178, and 4,331 
bmidredweight of mercury were produced in Idria, and sold 
at an average price of one hundred florins. In 1850 mercury 
was worth two hundred and fifty florins the hundredweight, 
and thus we^see'how detrimental the competition of California 
has been to the Austrian treasury, which, in its chronic 
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state of atrophy, is little able to hear any diminntioia of 
revenue. 

A great part of the produce of the mines — about 1,000 
hundredweight — is manufactured into cinnabar in Idria, 
which supplies almost all Europe with this splendid red 
colouring matter. All the other European quicksilver veins, 
in Tyrol, Bohemia, Hungary and the Bavarian Palatinate, are 
utterly insignificant when compared with Almaden and Idria, 
as none of them produce more than a few hundredweight. 

But even Almaden and Idria have lost much of their 
former importance since the discovery of the inexhaustible 
quicksilver mines of California, whose total product for the 
years 1869, 1870, and 1871 has been estimated at 36,600, 
29,546, and 31,881 flasks, each containing 76|- pounds of 
mercury. In 1871 New Almaden, in Santa Clara County, 
by far the most prolific of the mines, yielded 18,763 flasks, 
the New Idria mine in Presno County, 9,227 flasks, and the 
Redington mine, near Knoxville, Lake County, 2,128 flasks. 
Since 1872 many promising lodes have been discovered, 
warranting the belief tliat the future productions of this 
valuable mineral will be greatly increased, for in no other 
part of the world has cinnabar been found so widely dissemi- 
nated as in California. As the uses of mercury are few, a 
great falling off of price has been the consequence, but the 
greater cheapness of this metal ha,s had a most favourable 
influence on the production of silver in Mexico, Peim, 
Bolivia, &c., as many of the poorer ores can now be profit- 
ably worked, and thus California, by lowering the price of 
silver, has greatly disturbed the relative value of the two 
precious metals. 

It is a remarkable circumstance that, while Europe has for 
the last three centuries received almost aU its silver from 
America, Mexico and Peru were all the time dependent upon 
the old world for the mercury without which Potosi and 
Gruanaxuato would have been comparatively unproductive. 
Quicksilver, it is true, had been found here and there, but 
the only mine of importance was that of Huancavelica in 
Peru, the discovery of which in the year 1567 is attributed 
to the Indian Gonzalo Navincopa; though, »'Ccordmg to 
Humboldt, it was already known to the Incas, who made use 
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of cinna'baT to jjaint tlieir cheeks, as Boman senators and 
Athenian archons had done before them. Here, at a height 
surpassing that of the Peak of Teneriffe by 1,500 feet, from 
4,000 to 6,000 cwt. of silver were annually obtained, until 
the folly of a director ruined the chief mine. Ever since 1780 
•Huancavelica had with difficulty supplied the growing wants 
of the Peruvian silver mines, for at a greater depth the ore 
was found to be mixed with sulphuret of arsenic, which greatly 
deteriorated its quality. As the lode forms an enormous mass, 
strong pillars had been left standing to support the roof, and 
these props the above- mentioned director had the improvident 
temerity to remove, in order to increase the produce of the 
mine. What anyone with a little experience or common- 
sense might have foreseen, took place. The rock, deprived 
of its supports, gave way ; the roof fell in with a tremendous 
crasli, and the mine was ruined — a memorable warning 
agaiilst the greed which, snapping at a shadow, loses the 
substance. 
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CHIPTEE XXXI. 

THE HEW METALS. 

Zinc— the Ores, bit not the Metal, known to the Aneionts — Rapid Incroaso of its 
Production — Chief Zinc-prodiicing Coiiiitrios — Platinum — Aiil iiiiony — Bisimith 
— Cobalt and Nickel — Wolfram — Arsouie — Chromo — ^Mauganese — Cadmium — 
Titanium— Molybdenum — Aluminium— Aluminium Bronzo — Magnesium-— So- 
dium — Palladium — Rhodi um — Thalliiim. 

T he metals linown to the ancients were either such as 
occur in a native state, and whose Instre must atlrtict 
even the attention of the savag'e, or such as arc easily ex- 
tracted from their ores hy the simple agency of hro and 
carbon, and consequently require no complicated inetallargic 
treatment. Their iinmher is limited to the seven siihstancc's 
described m the preceding chapters; but the art of the 
modern chemist has greatly extended our knowledge of 
metals, and revealed to us the existence of no less than fifty- 
six of these elementary bodies. 

Some have been found to lurk under the obscure disguise 
of alkaline and earthy matters, such as clay and chalk, mag- 
nesia and sand, soda and potash; others have been discovered 
in the water of mineral springs, or under tho brilliant maslc 
of precious stones. Most of these were unknown before tho 
beginning of the imesent century, nor can there be a doubt 
that future researches will make us acquainted with many 
metals whose existence is still a secret to mankind. 

Most of these new metals are as yet mere objects of 
curiosity, either from their rarity or the great difficulty and 
cost of their production. But some of them are already of con- 
siderable use, and within the last fifty years zinc has obtained 
a rank among the most important products of the mineral 
world.' Calamine, the chief ore which provides ns with this 
metal, was indeed known to the ancients, who by smelting it 
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with copper ores obtained an alloy similar to our brass;* 
but the metal itself seems to have been first discovered by 
the famous alchemist Bombastus Paracelsus, who flourished 
towards the end of the fifteenth century. Zinc, however, 
remained unnoticed as a useful metal until the year 1805, 
when Hobson and Sylvester’s discovery that it is malleable 
at a temperature of 300° P., and can then be worked to 
any shape with great facility, caused it to replace lead for 
many purposes, in which its hardness and other valuable 
qualities render it superior. As it is very easily extended 
into thin sheets, and combines the advantages of lightness, 
salubrity, and durability, it is frequently used for the roofing 
of houses and for the sheathing of ships. Many of our 
domestic utensils, particularly those which serve for the 
holding of liquids, are now made of zinc. Large quantities 
are moulded into architectural ornaments ; and the splendid 
whi-|;e colour of the oxide of zinc has made it a triumphant 
rival of ceruse, or white-lead. To provide for so many uses, 
the xDroduction of zinc has in a short time made strides 
without a parallel in the history of metals. While before 
1808 from 150 to 200 tons sufficed for the annual consump- 
tion of Europe, more than 110,000 tons are now required; so 
that in little more than half a century the demand has in- 
creased more than five hundred times, and a metal pre- 
viously almost unnoticed is now produced in masses woidh 
several millions of pounds. 

The chief zinc-prOducing countries of Europe are Prussia 
and Belgium. The Prussian mines, which in 1870 yielded 
1,278,388 hundredweight, or about 64,000 tons, are situated 
in Silesia, Westphalia, and the Ehenish provinces. In the 
same year Belgium produced 35,500 tons, chiefly from the 
mines of the Weille Montague, near Aix-la-Chapelle, where 
calamine occurs in a large mass, imbedded in chalk, and is 
worked like an open quarry. 

In Englaiid calamine is, next to galena, the most important 
ore obtained from the Berbyshhe mines, and of late years 
large quantities of blende or sulphuret of zinc an ore which, 

» A coin of Nero, analysed by Arthur PhiUips, was found to consist of 81-07 
per cent, copper, 1-06 tin, and 17-73 zinc; another, of Hadrian, of 85-78 copper, 
1-X9 tin, 1-81 lead, *6-43 zinc, and 0-74 iron. 
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on account of the special difficulties offered by its treatment, 
had hitherto been neglected— are likewise furnished by the 
Isle of Man, Denbighshire, Flintshire, and Cornwall. 

In 187d our entire production of zinc ores amounted to no 
more than 15,968 tons, which yielded 4,471 tons of metallic 
zinc. Besides our own produce, 30,087 tons of foreign ores, 
imported' chiefly from Italy (21,693), Spain (5,129), France 
(1,486), and Norway (1,1 14), were smelted in the zinc works 
at Swansea. 

For many years the United States depended upon Europe 
for their whole supply of zinc ; but as nature seems to have 
denied none of her mineral riches to the great republic, the 
discovery of immense deposits of calamine and blende in the 
state of Tennessee has enabled them to compete successfully 
with foreign produce, and the works of Leehigh and Lasalle 
now furnish a large proportion of the zinc consumed in the 
country. 

Platinum, the heaviest body in nature, was first discovered 
by the Spaniards, in the gold mines of Darien, probably in 
the first half of the sixteenth century ; * but as it remained 
infusible in the strongest heat, and no method was known 
for purifying its ore, in which it is remarkably combined with 
six or even seven other metals, it continued for a long time 
to be a mere object of curiosity. In 1772 Count Sickingen 
discovered that it can be welded like iron when urged to a 
white heat, and first succeeded in producing platinum wire 
and platinum leaves. A few years after the celebrated 
Swedish Chemist, Bergmann, isolated it from the metallic 
substances associated with its ore, and proved it to be a 
peculiar metal. 

Platinum is found in almost all the auriferous districts of 
the globe, but generally in such small quantities as not to be 
worth the collecting. Kuschwa Goroblagdat and Nishne- 
Tagilsk, in the Oural, furnished in 1871, 125 pud (5,000 lbs.), 
which IS nearly ten times the amount from Brazil, Columbia, 
St. Domingo, and Borneo. But, in spite of this scanty 
production, its discovery must be considered as one of 
the most important conquests which science has made 
in the material world, as its perfect infusibility, its hardness, 

* Kopp, ‘ Geschichte der Chemio,’ vol. iy. p. 221. 
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its nnaltorability by air and water, and its property of witb- 
siaiMliiig tlie action of tbe m’ost corrosive simple acids, 
render it an invaluable material for tbe fabrication of various 
(!b(?.mical vessels, without whose assistance many important 
discoveries could not possibly have been made. To the 
manufacturers of sulphuric acid large retorts of platinum are 
indispensable for concentrating this highly coiiosive fluid, 
which devours every other metallic vase with which it comes 
in contact. The price of platinum is intermediate between 
that of gold and silver. 

The ores of Antimony played a great part in the labours of 
the alchemists, but the metal is first mentioned in the works 
of Basilius Valentinus, who flourished during the second 
half of the fifteenth century. It is used chiefly in several 
important alloys. Combined with lead it constitutes type- 
metal, and united with lead and tin it is employed for making 
Britannia metal, and the plates on which music is engraved. 
ISTeSirly all the antimony of commerce is furnished by the grey 
sulphuret (stibnite), which occurs in Hungary, Saxony, 
South America, and Australia. Though Cornwall produces 
a considerable quantity of antimonial ore, our chief supply 
is derived from Singapore, the emporium of the various mines 
of Borneo and other parts of the Malayan Archipelago. 

The grey antimony ore was employed by the ancients for 
colouring the hair and the eyebrows, and for staining the 
upper and under edges of the eyelids — a practice still in 
use among Oriental nations for the purpose of increasing 
the apparent size of the eye. According to Dioscorides, it 
was prepared for this purpose by inclosing it in a lump of 
dough, and then burning it in tbe coals till it was reduced 
to a cinder. It was then extinguished with milk and wine, 
and again placed upon coals and blown until it was ignited, 
after which the heat was discontinued, lest, as Pliny says, 
‘iplumhum fiat ’ — it become lead. It hence appears that the 
metal antimony was occasionally seen by the ancients, though 
not distinguished from lead. 

Bismuth, a metal of a dull silver- white colour, inclining 
to red, is first mentioned in the writings of the alchemists of 
the Middle Ages. It is almost exclusively furnished by the 
mines of Schpeeberg in Saxony, where it is generally found 
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in a native state. On account of its great fusibility and 
brittleness it is seldom used alone; but associated witli 
other metals, it forms several valuable alloys. 

In the Middle Ages the Saxon and Bohemian miners be- 
lieved all those ores from which, in spite of their promising 
appearance, they were unable to extract a useful metal, to be 
a work of the gnomes mocking the industry of man. Some 
of these ores they called Kobold -an opprobrious name given 
to these evil subterranean spirits, who were supposed to be of 
dwarfish stature and intense ugliness ; others Mckel — a 
name probably of the same meaning as our old ISTick. The 
progress of metahurgic industry has fully exculpated the 
gnomes of all evil intentions, for the last century succeeded 
in extracting the metals Cobalt and Mckel from those rebel- 
lious ores. Cobalt, though as yet but rarely era^froyed, gives 
promise of some future importance, as it appears to be 
extremely tenacious. A wire made of pure cobalt will carry 
nearly double the weight that an iron wire of the same thic*k- 
ness will do. 

The cobalt ores, which impart a magnificent blue colour to 
glass, have lost much of their importance as pigments since 
the discovery of artificial ultramarine, while the nickel ores 
which usually accompany them, and were formerly thrown 
away, have become valuable, since the metal which they con- 
tain has found some importaut uses. The United States, 
Germany, Belgium, and Switzerland now use nickel for their 
small coin, and large quantities are emj)loyed in the fabrica- 
tion of German silver, or Argentine ifiate, an alloy of copper, 
nickel, and zinc, which, from its hardness and brilliant white 
colour, furnishes an excellent material for tablespoons and 
forks. Both the nickel and cobalt ores are produced chielly 
by Germany (10,798 hundredweight in 1870), Sweden, and 
Norway. In the United States the Camden works (New 
Jersey) now produce nickel at the rate of 200,000 pounds a 
year. 

Tungsten, a metal discovered in 1783 by two Spanish 
chemists, the brothers Juan and Fausto d’Elhujar, in a black 
mineral called wolfram, which frequently occurs along with 
tin ores in Cornwall (where it is known under the names of 
cal, or callen, and gossan), Saxony, Austria,^ &c., is in its 
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isolated state aiiaere object of scientific curios It j, but when 
melted with cast steel or even with iron only, in the propor- 
tion of from 2 to 5 j}cr cent., it produces a steel wbici is 
very bard and fine-grained, and for tenacity and density is 
superior to any other steel made. Hence wolfram-steel, 
whicliis now coming extensively into use in Germany, makes 
the best knives and razors ; but, unfortunately, tlie ’rarity and 
bigb price of wolfram confine its production witbin narrow 
limits. Several of the tungstates, or salts of tungsten, are used 
as pigments; and tlie tungstate of soda bas the bigldy 
valuable property of rendering fabrics uninflammable, and 
thus famishes a means for preventing the accidents which 
constantly occur from the burning of ladies’ dresses. 

Albert the Great, a famous alchemist of the thirteenth 
century, is supposed to have been the discoverer of Arsenic, 
a tin-white metab which, however, soon loses its brilliancy 
when exposed to the air, and tui-ns black. Prom its poisonous 
C|ualitieB it is only used in some unimportant alloys which 
serve for the manufacture of insignificant articles, such as 
buttons or buckles. Some of its ores and combinations, which, 
from their lively yellow, green and red colour, would other- 
wise have been valuable pigments, are likewise for the same 
reason seldom used. A great number of copper, nickel, lead, 
cobalt, zinc, and iron ores contain some arsenic ; but this 
dangerous substance is obtained chiefly from the common 
arsenical pyrites (Mispickel— sulphuret of iron and arsenic), 
which occurs in Cornwall and Devonshire. The whole supply 
of arsenical ores amounted in 1866 to about 2,610 tons, of 
which England and Prussia furnished the greater part. 

The metal Uranium, discovered in 1789 by the celebrated 
Klaproth, in a black heavy mineral called Pechhlende 
(pitch-blende), occurring in the mines of the Erzgebirge, is 
not used as such, but is very valuable in porcelain-painting, 
as it affords a beautiful orange colour in tbe enamelling fire, 
i and a black colour in that in which the porcelain is baked. 

' A laboratory has been opened at Joacbimsthal, where the 
' 6re is converted into uranate of soda for this purpose. 

Chrome, like cobalt, is used chiefly as a pigment. Several 
of its salts are splendid yellow colouring matters, and its 
oxide imparts Uie finest green tints to porcelain. The mctai 
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itself, which, was discovered by Vauquelin in 1797, is, as 
yet, an object of interest only to the chemist, but may one 
day become important, as in its pure state it is very hard, 
unalterable by air and water, and even less fusible than 
platina. Most of its ores belong to the rarer minerals, and 
but one (chrome-iron) occurs in sufficient abundance for in- 
dustrial purposes. It is found in Hungary, in Norway (which ' 
annually exports about 16,000 tons to Hamburg and Holland), 
in Siberia, and in large quantities in Maryland and Penn- 
sylvania. The ore employed in England is obtained mostly 
from Baltimore, Hrontheim, and the Shetland Isles, and 
amounts to about 2,000 tons annually. 

Manganese is likewise a metal which has not yet left the 
domain of the laboratory, but some of its ores are of con- 
siderable and increasing importance. The grey and black 
oxides of manganese are largely used for the manufacture 
of the chloride of lime— a substance well known for its bleach- 
ing properties. They also serve in the fabrication of £int- 
glass, as a means for correcting the green tinge which it is 
apt to derive from iron, and are employed in the manufacture 
of various kinds of steel. The ores of manganese are chiefly 
provided by the mines of Nassau, which in 1864 yielded 
14,460 tons, and of Huelva in Spain, which furnished 24,430 
tons in 1865. Our Cornish mines likewise produce consider- 
able quantities, but are still far from being able to supply 
the wants of our colossal industry, which, in 1866, required 
the importation of no less than 48,700 tons of oxide of 
manganese from foreign countries. 

Cadmium, which accompanies most of the zinc ores, was 
discovered by Stromeyer in 1818. Its sulphuret affords a fi.ne 
yellow pigment ; but the metal itself, which has the colour 
and lustre of tin, and is very fusible and ductile, has no 
commercial value. 

Entile, a red-brown mineral, occurring in small quantities 
in the Alps, Norway, and many other localities, where it is 
generally found in crystals, imbedded in quartz, was found 
by Klaproth, in 1795, to be the oxide of a peculiar metal 
which, acording to the old fashion of giving mythological 
names to new planets and metals, obtained the name of 
Titanium. The metal, which has a copper-recbcolour, has not 
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liitlierto been applied to nse; but rutile is employed as a 
yellow colour in painting porcelain, and also for giving tlie 
requisite tint to artificial teeth. 

Like Titanium, the metal Molybdenum, discovered by 
Hjelm. in 1782, is as yet interesting only in a scientific 
point of view ; but one of its salts is used by the cotton- 
printers as a valuable colouring matter, and another is in- 
dispensable as a re-agent in many chemical researches. 
Thus more than one of the modern metals has already become 
an important object to the porcelain-painter or the dyer. 

Aluminium, the metal which Sir li. Davy discovered in 
clay or alumina, and of which the purest native oxides are 
the varieties of corundum (oriental ruby, sapphire, &c.), has 
of late become of technical importance, and though the cost 
of its production is very great — as a pound of aluminium is 
worth about 4Z. — yet it already serves for many purposes. 
Its silvery lustre and perfect uiialterability by atmospherical 
influences render it an excellent material for objects of art 
and ornament, and from its low specific gravity (2-j^-^^) it 
makes excellent tubes for telescopes and opera-glasses, 
which when composed of any other metal are of a fatiguing 
weight. Even culinary vases have already been made of 
aluminium; for, besides its perfect innocaousness,it cools very 
slowly when heated, and greasy substances do not adhere to it. 
Its high price is the only obstacle which has hitherto limited 
its uses. With copper it forms an alloy (aluminium-bronze) 
discovered by Dr. John Percy, which possesses the hardness, 
tenacity, and malleability of iron without its liability to rust, 
and consequently has already found numerous applications. 
The beautiful gold colour of this alloy makes it a valuable 
materia] for the fabrication of the vases and ornaments used 
in Catholic churches, and a recent decree of the Pope has 
authorised its employment for this purpose. 

Magnesium, the metallic basis of magnesia, a native earth 
widely disseminated in the mineral kingdom, and forming a 
constituent part of whole mountain chains, had ever since its 
discovery by Sir Humphry Davy been a mere object of 
curiosity, when a few years ago, Mr. Sonstadt, an English 
chemist, succeeded in producing it in larger quantities. Its 
silvery brilliancy, hardness, and ductility, its low specific 
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gravity, and nnalterability by air and water, arc qualities 
wbicb will probably lead to^an extensive employment wlien a 
cheaper method of production shall have been discovered ; 
but even now it has found a highly interesting use. It is so 
easily inflammable that a wire of considerable thickness can 
be ignited in the flame of a candle, and the light evolved by 
the combustion is of almost solar intensity. In lighthouses ' 
it serves to guide the mariner in his course ; it lights up the 
obscurest recesses of stalactital caverns, and 'svith its assist- 
ance the photograhper no longer depends upon the sun, and 
reveals to us the hidden paintings and sculptures of rock- 
tombs and temples as distinctly as if they were exposed to 
the light of day. 

Sodium, the metallic basis of soda, was discovered by Sir 
Humphry Davy in 1807. It is lighter than water, and white 
and lustrous as silver; but exposure to air almost immediately 
converts it into soda. Thus ■ it can never become directly 
useful, like aluminium or magnesium ; but being indispen- 
sable for reducing the ores of these two metals, it renders 
important indirect services, and is consequently p)roduced in 
considerable quantities. 

Palladium, one of the hardest and heaviest of metals, is of 
a steel grey colour, passing into silver white. Its alloy with 
silver, which has the valuable property of not tarnishing in 
air, is eminently fitted for the manufacture of delicate scien- 
tific instruments. The Wollaston medal, given by the Geo- 
logical Society, is, in honour of its discoverer, made of palla- 
dium, which is considerably dearer than gold. 

In 1804 the same eminent philosopher discovered another 
metal in native platiua,to which he gave the name of Rhodium. 
Mixed with steel in the proportion of 1 to 50, rhodium 
produces an excellent metal for making the sharpest- cutting 
instruments, and a mixture of equal parts of rhodhnn and 
steel makes the best telescopic mirrors, as it is not liable to 
be tarnished. It is also employed for making the unalterable 
nibs of the so-called rhodium pens. 

Thallium, though one of the newest metals, as it was 
discovered by Mr. Crooks as recently as 1861, already bids 
fair to render some important services. It imparts to optical 
glasses a considerable density and dispersive pow^rand 
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should no other use be found for it this alone would render 
it a valuable acquisition. 

Such is the brief history of those new metals -which have 
already found a useful employment in the industrial arts. 
It throws a vivid light upon the rapid progress of modern 
'chemistry, for the very existence of most of them was un- 
dreamt of at the beginning of the present century, and their 
discovery could be attained only by an amount of analytical 
knowledge beyond the scope of any previous age. On wit- 
nessing these triumphs of science we may well ask where 
they will end, and when the goal will be reached beyond 
which it will be impossible for the human intellect to 
penetrate ? 
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immense floats of leaves, arid now and then 
nnaermined and uprooted by the current. We near the 
coast, and now enter the opening of the stream. A se.uco 
penetrable phalanz of reeds, that attain to tae height and 
wehnigh to the bulk of forest trees, is ranged on oil ier 
liaiid. The bright and glossy stems seem rodcled like b o Line 
eolumnsj the pointed leaves stand out green at every joint, 
tier above tier, eaeb. tier resembling a coronal wreath, or an 
ancient crown v^itli the rays turned outwards, and wo soo 
atop what may be either large spikes or catkins. What 
strange forms of vegetable life appear in the forest btdund ! 
Can that be a club-moss that raises its slender ludgbt for 
more than fifty feet from the soil ? Or can these tall palm- 
lilce trees be actually ferns, and these spreading branches 
mere fronds ? And tlien these gigantic reeds ! are they not 
mere varieties of the common horsetail of our hogs and 
marshes, magnified some sixty or a hundred times 'P Ihive 
we arrived at some such country as the continent visited l)y 
Gulliver, in which he found thickets of weeds and gruKS 
tail as woods of twenty years’ growth, and lost himself si, mid 
a forest of corn fifty feet in height ? The lesser vegetation 
of our own country, its reeds, mosses, and ferns, soeiiis here 
as if viewed through a microscope ; the dwarfs hav<? sprung 


up into g'ants, and yet there appears to be no projsortiioiial 
increase in size among what are unequivocally ilH trees. 
Yonder is a group of what seem to be iDines—tall and bulky, 
’tis true, but neither taller nor bulkier tliaii the idnos of 
Xorway and America. There is an amazing luxuriance of 
growth all around us. Scarce can the current make way 
through the thickets of aquatic plants that rise thick fro/n 
the muddy bottom ^ and though the sunshine falls bright on 
the upper boughs of the tangled forest beyond, not a ray 
Ijenetrates the more than twilight gloom that broods over the 
marshy platform below. The rank steam of decaying vege- 
tation forms a thick blue haze, that partially obscures tlie 
underwood. Deadly lakes of carbonic acid gas have accumu- 
lated in the hollows j there is a silence all around, tmiuter- 
rapted save by the sudden splash of some reptile fish that 
has risen to the surface in pursuit of its prey, or when a 
sudden breeze stirs the hot air, and shakes the fronds of 
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the giant ferns, or the catkins of the reeds. The wide con- 
tinent before us is a continent devoid of animal life, save 
that its pools and rivers abound in fish and mollusca, and 
that millions and tens of millions of the infusory tribes swarm 
in the bogs and marshes. Here and there, too, an insect of 
strange form flutters among the leaves. It • is more than 
probable that no ci'eature furnished with lungs of the more 
perfect constructioxi could have breathed the atmosphere of 
this early period and have lived.’ 

As coal seams have been discovered as far to the north as 
Greenland, Melville Island, and Spitzbergen, where now no 
trees will grow, it has been inferred that, in the primeval 


ages which witnessed their birth, a trojjieal climate must 
have reigned over the whole surface of the earth ; but the 
vegetation of arborescent ferns does not necessarily imply 
a very warm, climate, as such plants are found to flourish in 
ilew Zealand, together with many conifers and club-mos&es, 
so that a forest in that temperate country may make a nearer 
approach to the carboniferous vegetation that any other now 
existing on the globe. So much is certain, that a very 
different distribution of sea and land must in those times 
have mitigated the severity of the Arctic winter ; or, perhaps, 
as professor Oswald Heer conjectures, our solar system may 
then have rolled through a space more densely clustered with 
stars, whose radiant heat gave to our earth the advantage of 


a mild climate, even at the poles. 

The s^Dace of time required for the formation of the coal- 
fields is as immeasnrahle as the distance that separates us 
from Sirius. We know hy experience how thin the sheet 
of humus is whicli the annual leaf-fall of our trees, or the 
yearly decay of our moor-plants, leaves behind, and how 
many decenninms must elapse before one single inch of solid 
mould is formed. But there are many coal strata eight, ten, 
or even forty or fifty feet thick; and if we consider besides 
the mighty pressure of the superincumbent rocks which store 
them in the smallest compass, we cannot possibly doubt that 
such stratum must have required thousands of years for 
its formation. Onr wonder increases when we reflect that 

in maxay .oaZ-measwes (the series of beds intimately assoa 

ated with the seams of coal) no less than a hundred thick 
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and tMn seams of eoal alternate mtli layers of sandstone and 
shale, so that the reckoning would swell to millions were we 
able to fathom the ages of their successive growth. 

It may well be asked how such vast masses of vegetable 
origin, which required the sun^s light for their formation, 
came thus to be incased in stone thousands of feet beneath 
the surface of the earth? More than one theory has been 
advanced to solve this difficult problem, which can hardly be 
exiihiined in any other manner than by a general, slowly 
progressing subsidence of the humid lowlands, alternating 
with periods of rest. Fancy a wide delta land, similar to 
Egypt or tlie hTetherlands, covered with luxuriant forests, 
whose spoils, accumulating where they fall, form in the courses 
of centuries a thick stratum of vogciahlo matter. This land 
then sinks, suddenly or gradually, under water, many a 
fathom deep, and remains there perhaps for ton thouBand 
years, till a vast deposit is formed of sandstone and shale', 
brought down from the highlands hy the rivers that 
rolling from the interior, the pressure of which, aided by wntm*, 
converts the stratum of wood into coal. By this dopoHit 
the bottom is gradually filled up, and the bay again con- 
verted into marsh or meadow, upon which again vegetation 
flourishes for a thousand years, till the materials of a second 
bed of coal are collected. A third submorgenco takes place, 
rocky strata are again deposited, the water again shods into 
land capable of bearing plants, a third period of forests 
commences, and continues till the mass of vegetable matlisr 
destined to form a new bed of cofd is accumulated It is 
unnecessry to pursue the series any further ; let it suffice to 
say that in this manner coal followed upon sand, or sand upon 
coal, till in the carboniferous basin of Nova Scotia, for iix- 
stance, a vertical subsidence of three miles was gradually 
filled up hy the waste swept down from the higher lands, or 
by the accumulation of vegetable matter. 

Great as are these changes of level, they do not indicate 
any more considerable or violent perturbations than those 
which take place at the present day, either from earthquakes 
or from slow oscillations of the soil. Large areas in the 
Pacific and elsewhere are known to he actually r subsiding 
at the rate of three or four feet in the century, and when 



DISLOGATIOJiT OF COAL-BEDS. 


S07 


measured on tlie scale of geograpMcal time, tlie depression 
wlxicli sunk the first carboniferous forests of South Wales or 
ISTova Scotia to the depth of ten or twenty thousand feet 
probably proceeded at the same slow rate. Adding to these 
vast epochs of gradual subsidence the long periods of rest 
wliich inteivened between them, it is perhaps no exaggera- 
tion to affirm that several millions of years may have been 
required for the formation of a coal-field such as that of 
Saarbriicken or South Wales. The fossil remains inclosed 
ill the various layers of the carboniferous beds alone suffice 
to l)rove the immensity of time required for their accumula- 
tion, for the species of ferns or ly copods imbedded in the 
lower seams of a coal-field are found gradually to disappear 
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ill the higher ones, while new species are continually ap- 
Xiearing on rising in the series, until, finally, the plants of 
the older seams have completely made way for newer forms. 
Tims the coal formation has, during the vast ages of its 
growth, changed more than once the aspect of its flora, and 
the x)lants which flourished in its youth had long since dis- 
ap>]peared from the earth when it approached its end. 

Although aU coal-fields must have originally been formed 
ill horizontal or slightly undulating situations, yet in many 
cases they have undergone enormous derangements or dis- 
locations from subsequent terrestrial changes j and to this 
circumstance is mainly due there utility to man. Had they 
been x)ermitted to remain in their primitive (jeoloyical ^o&ition. 
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we iDrobably never should have enjoyed the benefit of the 
coal, because it would have lieen too deep for our reach. 
We might have known it to be there, but it would have been 
beyond our power to pierce a mile or two into the earth. 
But, by a wonderful and merciful providence, the oscillations 
to which the earth-rind is subject have frequently upheaved 
them eiioriiioiTsly out of their original positions ; and the 
elevated portions having often been cleiiuded by water, large 
patches of coal have thus been rendered available to inan. 

The various subterranean changes which have acted upon 
the coal-fields during the course of unnumbered ages have 
not only raised or sunk, but frequently dislocated, contorted, 
ruptured, or broken them up in a most extraordinary 
manner. In the coal-field near Mens, in Belgium, for in- 
stance, a vast lateral pressure has curved the strata again 
and again, and even folded them four or five times into zig- 
zag bandings, so that on sinking a shaft the same continuoui:} 
layer of coal is cut through several times. 



1. Old ml sftndstono. f>. OnarBO saiuMoue. f). Omit oollLo. 

2. Mouiitiiin limestone. C. Now rod saiulBtoiie. 10, Corn briiKli and 

8. Millstoijo grit, 7, Jaai. forest marl, 

4, Coal Beams, 8, Inferior oolite. 

frequently a concave form has been the result of tlieso 
teiTestrial revolutions, and hence coal-fields are often called 
coal-basins. Thus, in the coal-field south of Malmesbury, the 
strata appear to dip from the surface, and rise again to it 
after attaining a certain depth, so that a section of them 
suggests the idea of a boat or basin. 

Very commonly one iDortion of a continuous stratum or 
series of strata has been broken away from the rest, and has 
been displaced, either by elevation or depression, or shifting’ 
on one side, for various distances. The amount of dis- 
phicciuciit is sometimes only a few inelies, and at other times 
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several liniidred fatliomSj aud tlie extent may be twenty yards 
or twenty miles. 

W e may easily conceive tbe difi&cnlties wbicb. these dis- 
ruptions frequently throw in the way of the miner, who, in 
following what he considers a valuable seam of coal, is sni- 
denly sto]px3ed by coming in contact with a fault, a trouble, or 
a slip, as these x)henomena are expressively called, and finds 
rhe coal shifted several yards above or below, or even completely 
lost. On the other hand, the miner, thus provokingly stoi^ped 
in his labours, must not forget that it is perhaps owing to 
tlie very shifts he com^fiains of that the outcrop of the coal 
has occurred at all in his neighbourhood, and that the coal 
is workable throughout a very large portion of the district in 
which he is interested. 

A most important advantage is also derived from the 
existence of these numerous faults in coal strata — namely, 
that they intersect a large field of coal in all directions, and 
by the clayey contents which fill up the cracks accompany- 
ing minor faults, they become natural coffer-dams, which 
prevent the body of water accumulated in one part of the 
field from flowing into any opening which might be made in 
it in another part. A remarkable instance of the advantage 
arising from the presence of a great line of fault occurred in 
the year 1825 at Gosforth, near Newcastle, where a shaft was 
dug on the wet side of what is locally termed the Great Ninety 
Fathom Dyke, which there intersects the coal-field. The 
workings were immediately inundated with water, and it was 
found necessary to abandon them. Another shaft, however, 
was sunk on the other side of the dyke, only a few yards 
from the former ; and in this they descended nearly 200 
firthoms, or 1,200 feet, without any hindrance from the 
water. 

The separation of a coal-field into small areas by dykes or 
faults IS likewise very beneficial in case of fire in a coal-pit, 
for in this case the combustion is prevented from spreading 
widely, and destroying, as it otherwise would, the whole of 
the ignited seam. 

‘ The natural disposition of coal in detached portions,’ says 
the autlior of an excellent article in the Edinburgh Review* 
* Tul. exi. p. 80 . 
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‘ is not simply a plieiiomenon of geolog’}’", but it also bears 
upon national considerations'- It is roinarlcable tbiit this 
natural disposition is that wliicli ruiiders tho fuel most ac- 
cessible and most easily mined. Were the coal situated at 
its normal geological depth, that is, supposing tlu^ strata to bo 
all horizontal aiid undisturbed or ux>heaved (sic), it would be 
far below hrimaii reach. Were it deposited coniinuouHly in 
one even superhoial layer, it would luive bc'en too rtaidily 
and therefore too quickly mined, and all ilu^ superior qualities 
would be wrought out, and only the inferior ltd’t; but as it 
now lies, it is broken up by geological disiurbam-es into 
separate portions, each defined and limil.ed in area, each 
sufficiently accessible to bring it within man’s reach and 
labour, each manageable by mechanical arrangmnents, and 
each capable of gradual excavation without being subjeet 
to sudden exhaustion. Selfish xdundering is xairiJy prevt‘ni.(‘d 
by natural barriers, and wc are warned against ina-kless wtiste 
by the comparative thinness of coal-seams, as wtdl us by the 
ever-augmenting difficulty of working them at increased 
depths. By the separation of seams one from u.noilier, and 
by varied intervals of waste sandstoiu's and shules, such 
a measured rate of mining is iicee8sita.i(‘d us pnaduiles us 
from entirely robbing posterity of the most valuable mineral 
fuel, while the fuel itself is preserved from those (‘ximided 
fractures and cruinhlings and fu.lls which woidd c('rta,inly be 
the consequence of largely mining the b<‘st bituminous coal, 
were it aggregated into one vast; nuuss. In fact, by an 
evident exercise of forethought and lamevobmce in the (treat 
Author of all our blessings, our invaluable ftul has lanm 
stored up for us in deposits tho moat coinpendioua, the most 
accessible, yet tho least exhaustible, and has btam loe.ally 
distributed into the most convenitmt situations. Onr (coal- 
fields are, in fact, so many hikminom htnh, in which there 
is abundance for an adequate curwmey, but against any 
sudden run upon them nature has int.orposed numerous 
checks, by locking up Avhole reserve's of the xireeiems find in 
the hank cellar, under the invinenblo imotectiou of jumderous 
stone-beds. If wo examine tho nature of the mineral fuel 
thus provided for us in tho howeds of tho (airth, W(' find a num- 
ber of varieties greatly difiering from (‘ach other in chemical 
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composition and in combustible value. Tims tbe anthracites 
or non-bituminous coals, ’wbich contain from eigbty-five to 
ninety-seven per cent, of pure carbon, are not easily ignited, 
and yield no flame and but little or no smoke. 

Tbe bituminous coals, on tbe contrary, contain a large pro- 
portion of volatile matter, amounting to as mneb as thirty, 
forty, or fifty per cent., and are consequently very inflam- 
mable, burning with a bright flame, considerable smoke, and 
a penetrating odour. 

But as Nature in general does notlove those sharp divisions 
to which theorists are so partial, thus also there is no fixed 
boundary between these two classes of mineral fuel ; and we 
find an uninterrupted series of intermediate qualities between 
pure anthracite and the fattest coal. 

It may be remarked that if coal were of one uniform 
chemical composition, its utility would be confined within 
narrower limits, as the bituminous, semi-bituminous, and 
anthracital varieties have each their distinguishing proper- 
ties, which adapt each to special uses. Some kinds, from 
their richness in volatile bituminous matter, are excellent 
for the manufacture of illuminating gas, while, from their 
smaller proportion of carbon, they could hardly be used for 
the making of iron ; and the anthracites, which yield little 
or no gas, are very serviceable for smelting or domestic 
purposes. 

It appears from the researches of modern chemistry that 
the different varieties of coal are due to the progress of de- 
composition which wood and vegetable matter undergo when 
buried in the earth, exposed to moisture, and partially or 
entirely excluded from the air. Slowly evolving carbonic 
acid gas, and thus parting with a portion of their original 
oxygen, they become gradually converted into lignite or 
wood-coal, which contains a larger proportion of hydrogen 
than wood does. A continuance of decomposition changes 
this lignite into common or bituminous coal, chiefly by the 
discharge of carburetted hydrogen, or the gas by which we 
illuminate our streets and houses ; and bituminous coal still 
continuing to evolve its volatile matter, not only after its 
being covered with strata thousands of feet in thickness, but 
even to the present day (as the fire-damp sufficiently proves), 
D D 
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is tliTis ■altima-tely transformed'into anthracite, to which ths 
various names of splint-coal, glance-coal, hard-coal, and 
culm, have been given. 

When we consider the manner in which coal has been 
formed in swampy lowlands, or more particularly in river- 
deltas, which gradually subsided to a considerable depth 
beneath the level of the sea, we cannot wonder tluit, wlien 
compared with the whole extent of the globe, the area- of the 
coal-fields is extremely limited, and coiifined to b\it a few 
favoured countries. Tn our times delta lands occupy but a 
small part of the continents and largo islands, and there is 
no reason to suppose that they were more con8i<le.ral)le 
during the carboniferous age, or at any other epoch. Be- 
sides, many of the ancient deltas, probably, never subsided 
at all, so that no coal could ho formed on their site ; and 
others, where coal strata wore gradually piled up, may still 
he whelmed beneath the sea awaiting some fulmro n]»hoaval 
to become serviceable to future generations of man. 

After the preliminary remarks on coal and the coal 
formation in general, I will now briefly describe th(j chiel 
coal-producing countries of the globe. First on the liab 
stands Great Britain, whose pre-eminence in iudn.stry and 
commerce is entirely founded on her vast deposits of coal. 
It is this invaluable mineral which sets those coxmiless 
steam-engines in motion that perform the labours of a 
hundred millions of men ; which spins and weaves the cotton 
of America, the silk of China, the wool of Australia, and the 
flax of Belgium iiito that amazing variety of tissues that 
serve to clothe almost all the nations of the globe ; and which 
Anally produces a greater quantity of the cheapest iron than 
the combined efforts of all the world. Thus our coals may 
well be called our black diamonds, and the comparison is 
indeed paying the latter too high a compliment, for larg(>r 
masses of diamonds would he utterlyworthless, while, by moans 
of our coal, we are able to enjoy the produce of every zone. 

Not only do our fifty-one coal-fields surpass in magnitude 
those which are disseminated over a far greater territory 
in Germany, Belgium, and France j but tbeir local distribu- 
tion and geological formation are as favourable as could 
possibly be wished. Furthest north we see the'^eonsiderable 
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deposits of Scotland extending from tlie coast of Kfe to the 
valley of the Clyde. It is to them that Glasgow owes its 
half-s-'million of inhabitants, and a wealth far surpassing 
that of all Scotland under the reign of ‘bonnie^ Queen 
hfary- In England, north of the Trent, along the Wear 
and Tyne, and even extending far beneath the sea, we have 
the coal-fields of Northumberland and Durham, with Cum- 
berland and those of Yorkshire, Nottinghamshire, and 
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Derbysliire. After these comes the large field of Lancashire, 
o?, as it is sometimes named, the Manchester Coal-field. 
Looking- to the central districts, we see the coals of North 
and Sonth Staffordshire and of Leicestershire. In the 
iiortlx-west we have the field of North Wales ; in the more 
ceiitr-al west, the deposits of the Plain of Shrewsbury, Coal- 
brook Dale, and the Glee Hills ; and in the south-west, the 
great coal-field of South Wales, and the minor ones of the 
Forest of Dean, of Somersetshire, and of Gloucestershire. 

Tlie inspection of a good geological map shows us at once 
how advantageously for commerce these several coal-stores 
are Histrihuted. Every large coal-field in England and 
Scotland is hardly ever distant more than thirty miles from 
the next, so that from the Clyde to Somersetshire the whole 
interior of the country can easily, by means of canals and 
railroads, he provided with fuel. The east and west coasts 
of tire land are nowhere above fifty miles from a coal-field ; 
and even the most remote localities in the three kingdoms 
are able to provide themselves from distances within 150 
miles. 

Bub it is chiefly the neighbourhood of the sea which gives 
such an incomparable value to our most important coal- 
fields I as, thanks to this advantageous situation, which none 
of tbe Fre^ich, Belgian, and German coal-fields possess, 
Great Britain is enabled to provide not only her own coast- 
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towns, but almost all tbe sea-ports in tbe world, with a cheaper 
fael than can be produced in their own country. Even in 
Ostend, Belgian coal, rendered dear by canal transport, is 
unable to compete with that which is brought over sea fioni 
England; and Hamburg provides herself with fuel from 
Newcastle and Hartlepool, and not from the coal-fields of 
Saxony and Westphalia. 

Coal is found in seventeen counties in Ireland, over an area 
of about 3,000 square miles. Yet, notwithstanding this 
great abundance of coal which the country possesses, and 
which is distributed throughout almost all parts of the island, 
from Limerick to Antrim, her capital and chief cities and 
ports have hitherto depended ujpon Great Britain foi’ theii' 
supplies of mineral fuel, both for domestic and for manufac- 
turing purposes. To those who are unacquainted with the 
actual circumstances, it appears scarcely credible that this 
fine country has made so little use of the coelI which has 
been so bountifully bestowed upon her. Among other causes 
not political, which perpetuate this state of things, is tho 
extraordinary fa.cility and cheapness with which the ports of 
Ireland can be supplied from the great western coal-fields of 
Great Britain. The excellence, abundance, and cheapness of 
peat — which is not only the common fuel of tho poor in the 
interior, and, indeed, of aU classes in some districts, bi;t is 
also brought in barges by the great canal, and consumed to 
a considerable amount in the capital itself — is another reason 
why the Irish coal-mines have, as yet, been so little worked. 

When we consider the vast importance of coal, we cannot 
wonder at the paramount influence which it has exercised 
over the distribution of our population in modern times. 
While Salisbury, Winchester, and Canterbury — important 
towns of medimval England — are reduced to atrophy from 
the distance and absence of coal-fields, Newcastle, Leeds, 
Manchester, Sheffield, Birmingham, Glasgow, and a host 
of other flourishing towns, may truly be said to be built on 
coal. 

Where there are large coal-fields there is life and a pro- 
spect of almost unlimited prosperity, for they are sure to 
attract machinery and man. Take a geological map of a 
new and thinly-populated country ; and if it be hiarked with 
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coal-fields the spots where large cities will exist liere^^^ 
may be safely determined. 

A more detailed examination of the chief coal-fields of 
England shows ns the immensity of the mineral riches which 
are here still hoarded np for the benefit of future genera 
tions. 

The superficial extent of the South Welsh coal-fields is 
about a thousand square miles. On its northes-n wing we 
find on an average twenty-one coal bands, forming an aggre- 
gate thickness of eighty and a half feet. In some parts of 
the south wing there are even as many as thirty-three bauds 
of an aggregate thickness of one hundred and four feet of 
pure coal, so that the average depth of the field may be esti- 
niated at ninety-two feet. 

Numerous transversal valleys intersect this magnificent 
coal-field, and afford the easiest means of working it in every 
depth. They also lacilitate the transj)ort of the coal on the 
canals and raihoads which lead along- their bottom or along 
their slopes to the harbours of the Bristol Channel. In the 
chapters on iron and copper, I have had occasion to describe 
the gigantic industries founded on these natural advantages, 
which have raised South Wales from being one of the most 
insignificant into one of the most important provinces of the 
empire. 

All the coals of this basin are so rich in carbon as to yield 
from seventy to ninety per cent, of coke. They are either 
anthracites or only semi-bituminous, and are consequently 
not suitable for niakmg gas, nor are they much liked for 
burning in open fire-places, as they do not emit a genial 
fiame. On the other hand, the semi-bituminous Welsh coal 
is invaluable for burning in steam-engines, for it has been 
proved to generate one-quarter more steam than any other 
kind of English coal. One of its properties — by no means 
unimportant — is its non-liabihty to spontaneous combustion, 
which, it is well known, occasionally takes place with bitu- 
minous coals, and by which vessels have been lost at sea, and 
warehouses ignited on land. The value of the Welsh steam or 
slightly bituminous coal is enhanced by its quality of burning 
almost without smoke — a property hitherto slightly appre- 
ciated, hut the importance of which in time of war is evident. 
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Steamers burning the fat bituminous coal can be tracked, at 
eea at least seventy miles, before their hulls become visible, 
by the dense columns of black smoke pouring out of their 
pipes or chimneys, and trailing along the horizon. It is a 
complete tell-tale of their -whereabouts, which is not the case 
with vessels .burning Welsh or anthracital coal. From its 
compactness and density, the latter has likewise great ad- 
vantages in point of stowage-space over the ordinary weak 
bituminous coals. For long voyages this concentration of 
power and economy of space may easily be appreciated. 
From its great superiority over other kinds, Welsh coal has 
been exclusively used for some time past by the French 
Government, and it is also employed in England by all the 
chief mail-packet companies. 

Coal is not exported from the South Wah‘8 basin as much 
as from some other fields, owing to the enormous require- 
ments of the large iron works, most of which consume as 
much as can be supplied by their collieries. Fvery week, 
however, sees increased supplies of Welsh coal tlii’own into 
the London market, and every year fresh collieries are opened 
to meet the demand. The total number of pits in fclouth 
Wales in 1865 was four hundred and eighteen, which pro- 
duced between seven and eight million tons annually. The 
l!^ew Navigation Pit at Mountain Ash may be cited as an 
example of the grand scale on which t e most iinporiiint of 
these workings are conducted. The sh ft is eighteen feet in 
diameter inside the walling, and divided into four compart- 
ments, two of which are for the drawing of coal, one for 
sending the workmen up and down, and the fourth for the 
drainage. Notwithstanding the great depth of three hundred 
and seventy yards, a carriage containing two half-tons of 
coal can be wound up in one minute, and the whole colliery 
is estimated to supply more than one thousand tons a day. 
The mineral property extends over an area of seven miles 
long by three miles in width, covering from four thousand 
to five thousand acres of four-foot coal. From this one case 
the reader may form a slight estimate of the boundless re- 
sources of the whole basin. 

The Great Central Coalfield, which ranges through South 
Yorkshire, Nottinghamshire, and Derbyshire, has a super- 
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jBcial extent of about one thousand square miles. In character 
it is closely allied to that of Newcastle, and is considered by 
some geologists to be a re-emergence of the same strata from 
beneath the covering of the magnesian limestone under which 
they suppose it to be concealed through the intervening 
space. It extends a little from the north-east of Leeds 
nearly to Derby, a distance of more than sixty-five miles. 
Its greatest width — twenty-three miles — is on the north, 
reaching nearly to Halifax on the west. On the south it 
extends towards the east to Nottingham, and is there about 
twelve miles wide. Though possessing some fine coal seams, 
it is of far inferior importance to the Manchester or South 
Lancashire Coal-field, from which it is separated by a lofty 
chain of hills. This highly valuable basin, which extends 
over about five hundred and fifty square miles, begins in the 
north-west of Derbyshire, and continues thence to the south- 
west part of Lancashire, forming an area somewhat in the 
shape of a crescent, having Manchester nearly in the centre. 

Of the smaller coal-fields, the most important are the 
Whitehaven basin (one hundred and twenty square miles) 
and the Dudley or South Staffordshire area (ninety square 
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miles) which is particularly valuable for the extensive iron 
works which it maintains. One portion of this coal-field is 
distinguished hy the presence of one continuous bed of coal 
thirty feet thick, which for British coal is astonishing ; and 
this mass extends seven miles in length and four in breadth. 
In this favoured district coal-seams five or six feet thick are 
called thin seams ; in Newcastle they would he called thick 
seams. 

Though not so extensive as the South Welsh area, the 
coal-fields of Newcastle and Durham are of far more ancient 
celebrity. Their produce is chiefly shipped on the Tyne, 
Wear, and^Tees, small rivers hardly traceable on a map of 
the world, and yet far more important to commerce than the 
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migMy Orinoco or the thousand- armed Amazon. This ujag- 
nificent coal area is bounded on the north by the river 
Coquet, and extends southward nearly as far as Hartlepool, 

-a distance of about forty-eight miles. Its extreme breadth 
is about twenty-four miles, and the whole superficial extent 
may amount to about eight hundred square miles. 

There are in all about fifty-seven different seams of coal in 
the Great Northern Coal-field, varying in thickness from an 
inch to five feet five inches and six feet, and comprising an 
aggregate of about seventy-six feet of coal. 

The pits are established chiefly with reference to one or 
more of the three following- seams. The most valuable is 
called the High Main Seam, and is about six feet thick. The 
next in value is the Bensham Seam, about three feet thick, 
which is remarkable for its excellent quality as a domestic 
coal, and for the enormous quantity of gas evolved from it in 
the mine. The Hutton or Low Main Seam, averttgingL^rom 
three feet six inches to five feet nine inches, is lflrowiae~i^ 
very good quality, and is extensively worked. It must, how- 
ever, be remarked that the same seam of coal is not generally 
valuable in all places. Thus the High Main, which furnishes 
excellent coal on the Tyne, becomes injured as it proceeds in 
a south-easterly direction by being intermixed with a band 
of coal of inferior quality, containing iron pyrites, &c. 

The Newcastle Coal-field is generally worked at a great 
depth, an expense of upwards of 60,000^ having in some 
instances been incurred before the seam of coal was reached 
which was to reward all this vast outlay and labour. The 
most remarkable and enterprising work of this kind on 
record is a sinking at Monk Wearmoutli Colliery near 
Sunderland. ^ After piercing the superincumbent beds of 
magnesian limestone and lower new red sandstone, the coal 
strata were reached at a depth of three hundred and thirty 
feet j but at the same time a spring was tapped which poured 
water mto the workings at the rate of three thousand gallons 
per minute. This fearful influx was kept under by a steam- 
engine of two hundred horse-power, and the work was made 
sure by strong metal tubbing, and carried on successfully, 
though not without extreme difficulty. On entering the 
coal measures, however, a new and unexpected" check was 
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experieueod in the extra thickness of the uppermost coal 
strata, for which no calculation had been made, and the 
difficulties were increased when at the depth of one thousand 
feet a fresh fatider or spring of water was tapped. Additional 
expense and gmsat loss of time were thus caused^ but the pro- 
prietors persevered with real Angdo-Saxon pertinacity, un- 
daunted by the apparently hopeless nature of the undertaking, 
and by the fearful expenses incurred. Success crowned their 
efiorts, and finally, at a depth of 1,710 feet, the Hnttoii seam 
of coal was reached, at a cost which, including the necessary 
preliminary operations, could not have been less than 100,0002. 

Another remarkable and costly piece of mining was that 
of Gosforth Colliei’y, which lies about three miles north from 
ISfewcastle, on the west bank of a romantic 'dean^ or little 
valley, through which the Ouseburn winds its way to the 
Tyne. The sinking was commenced in 1825, and the coal 
was won on Saturday, January 31, 1829. The High Main 
coal was reached at twenty-five fathoms below the surface,' 
but near its first appearance the seam was thrown down in 
an inclined direction by the great Ninety Hathom Dyke which 
there intersects the coal-field. Hence it became necessary 
to sink the shaft to the depth of 181 fathoms, in order to 
come a.t the level of the lower range of coal. This having 
been accomplished, a horizontal drift 700 yards long was 
worked tJirough the face of the dyke to the seam of coal a 
little above its junction with the dyke. A great part of this 
excavation had to be made through solid rock. To celebrate 
the completion of this remarkable work, a grand subter- 
ranean ball was given at the very place of triumph, 1,100 
feet below the surface of the earth. As the guests arrived 
at the bottom of the shaft they went to the end of the drift 
to the face of the coal, where each person hewed a piece of 
coal as a memento of the day, and then returned to the ball- 
room, which was brilliantly lit np, and where born-and-bred 
ladies joined in a general dance with born-and-bred pitmen’s 
daughters. Between 200 and 300 persons were present, nearly 
one-half of them belonging to the fair sex. It must be remem- 
bered that the int had not been worked, so that no smoke and 
dust exuded from its mouth or defiled the ball-room. 

Some of'lihe older coal-pits, where excavations have been 
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going on perhaps for a centufy or more, may he likened to 
large subterranean cities. The galleries of St. Hilda Colliery, 
near South Shields, are full seventy miles long; and KiUiug- 
■worth pits are said, on good authority, to have nearly one 
hundred and sixty miles of gallery excavation. 

In some parts the operations of the collier have encroached 
upon the domains of the ocean. At the Howgill pits, for 
instance, west of Whitehaven, the excavations have been 
carried more than 1,000 yards under the sea, and about 600 
feet below its bottom. But the most remarkable marine 
colliery which Great Britain has ever possessed was situated 
at Borrowstounness. The coal was found to continue under 
the bed of the sea in this place, and the colliers had the 
courage to work it half a mile from the shore, where there was 
an entry that went down into the submarine coal-pit. This 
was made into a kind of round quay, built so as to keep out 
the tide which flowed there twelve feet. Here the coals were 
laid, and a ship of that draught of water could lay her side 
to the quay and take in the coal. This wonderful pit, which 
belonged to the Earl of Kincardine’s family, continued to be 
wrought many years to the great proflt of the owners, and 
the astonishment of all that saw it; hut at last an unex- 
pected high tide drowned the whole at once, together with 
the labourers who were at work. ‘ While,’ says the Erench 
geologist, Eaujas de Saint Eond (who visited this remarkable 
mine about the end of the last century), ‘ the pitmen, by the 
dismal shine of their lamps, make the deep caverns resound 
’\nth the blows of their pickaxes, ships driven by a fair wind 
sail over their heads, and the sailors, rejoicing at thebeantifnl 
weather, express their joy in songs : at another time a storm, 
arises ; the horizon is in flames, the thunder roars, the sea 
rages, the boldest tremble; then the pitmen, unconscious of 
the terrible scene, calmly pursue their labours, and think 
with pleasure of their homes, while the ship above is shattered 
to pieces and sinks ; unfortunately, but too faithful a picture 
of the daily changes of human Hfe.’ 

Kowhere in the world, perhaps, does human activity display 
a more restless energy than on the site of the Newcastle Coal- 
[ield, where, night and day, successive trains hea;^ed with the 
black diamonds of England speed along far-stretching rail- 
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• ways, and hurry down to river and ocean, until they are 
unloaded and their contents shipped by machinery. Steam- 
engines are unceasingly at work drawing coals and pumping 
out water. Thousands of men are underneath our feet cat- 
ting down the coal by severe and peculiar labour, while 
thousands above are receiving the loads and speeding them 
forwards. 

‘ Go where you will, there is a network of small railways, 
leading from pit to pit in hopeless intricacy, but all having 
a common terminus on the river’s bank or the ocean’s shore. 
Go where you wiU, tall chimneys rise up before you, and here 
and there a lov/ line of black sheds, flanked by chimneys of 
’aspiring altitude, indicates that you are arriving at a colliery. 
As you draw nearer, men and boys of blackest hue pass you 
and peer at you with inquiring glances. Now trains of coal- 
waggons rush by more frequently, noises of the most dis- 
eordant character increase, and you know that you are at 
the pit’s mouth, when you behold two gigantic wooden arms 
slanting upwards, upon which are mounted the pulleys and 
wheels that carry the huge flat wire ropes of the shaft. 
For a moment the wheels do not revolve - no load is ascend- 
ing or descending — but the next minute they tm-n rapidly, 
and up comes the load of coals or human beings to the sur- 
face. Perhaps the most impressive sight is a large colliery 
fully engaged at nightwork, with burning crates of coal 
suspended all around ; and after this a view from some neigh- 
bouring eminence of all the far-flaming waste coal-heaps, 
burning up tue accumulation of waste and small coal 
not worth carriage, ever added to the ever-consuming 
mound, until the whole district appears like the active crater 
of some enormous volcano.’ ^ 

The banks of the Tyne are in many places very high and 
precipitous, and consequently render peculiar contrivances 
necessary for the shipping of the coals. The means used 
for this purpose are various: sometimes inclined tunnels, 
through which the train of waggons is lowered in chains to 
the water ; sometimes slopes, along which the coals are 
shovelled into the ship, or still better, the ingenious 
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meolianism of wliich William: Howitt gives us tlie following 
description : — 

‘As you advance over the plain yon see a whole train ot 
waggons loaded with coal, careering by thenisolves witliout 
horse, without steam-engine, without man, except that there 
sits one behind, who, instead of endeavouring to propel these 
mad waggons on their way, seems labouring hopelessly by 
his weight to detain them. 

‘ But what is your amazement when you come in sight of 
the river Tyne, and see these waggons still careering on 
to the very brink of the waiter !— to see a railway carried 
from the high bank, and supported on tall piles, horizontally. 



SHIPPINO COAT,, 


above the surface of the river, and to some distance into it, 
as if to allow those vagabond trains of waggons to run right 
oif, and dash themselves down into the river I 

‘ There they go, all mad together ! Another moment, and 
they will shoot over the end of the lofty railway, and go 
headlong into the Tyne, helter-skelter. But behold ! these 
creatures are not so mad as you imagine them. They are 
instinct with sense : they have a principle of self-preserva- 
tion, as well as of speed, in them. See, as they draw near 
the river they pause, they stop ! one by one they detach 
themselves ; and as one devoted waggon runs on, like a 
victim given up for the salvation of the rest, tC' perform a 
wild summersault into the water below, what do we see? 
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It is cauglit ! A pair of gigantic arms separate themselves 
from the end of the railway. They catch the waggon, they 
hold it suspended in the air, they let it softly and gently 
■-descend— and wither ? Into the water ? hTo ; we' see now 
that a ship already lies below the end of the railway. The 
waggon descends to it ; a man standing there strikes a bolt, 
the bottom falls, and the coals which it contains are nicely 
deposited in the hold of the vessel. Up, again, soars the 
empty waggon in that pair of gigantic arms. It reaches the 
railway ; it glides like a black swan into its native lake npon 
it j and away it goes, as of its own accord, to a distance, to 
await its brethren, who successively perform the same ex- 
ploit, and then joining it, all scamper hack again as hard as 
they can over the plain to the distant pit.’ 

The produce of the collieries situated further up the Tjne, 
where the river is no longer navigable by sea-going craft, is 
conveyed in a kind of oval vessels, called keels, to the port 
of hlewcastle, or its out-stations, North and South Shields, 
where it is discharged into larger ships. 

Newcastle may well be called the capital of King Coal. 
Once a town of military importance — as the old, grim-looking 
donjon-keep of Eohert Curthose, the son of the Conqueror, 
still testifies — ^it entirely owes its modern importance to the 
treasures of coal adjacent to its walls. Its quays, black and 
sooty as the mineral on which its prosperity is founded, are 
lined with a dense row of counting-houses, and before them 
in the river still denser rows of colliers lie at anchor * while 
between both ebbs and flows a black-looking crowd — for all 
here wear the livery of the article to which all owe their 
bread. Some idea may be formed of -the vast activity waving 
to and fro in this chief artery of the coal trade, from the 
fact that the annual arrivals in the Tyne are not less than 
13,000 or 14,000, 10,000 of which are on account of the 
coal trade. 

Sunderland, the great port of the river Wear, where 
annually more than 10,000 cargoes of coal are shipped to all 
parts of the world ; Hartelepool, a town of moderu date with 
magnificent docks; Stockton-on-Tees, and a number of 
minor places of shipment on the cost, likewise owe their 
prosperity te coal ; so that probably no other article of trade 
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wives constant employment ^to so many vessels witliiii so 
confined a territory. 

From Tynemoiitli Priory, a rnin romantically situated on 
a bold promontory, the visitor frequently enjoys a magnifr^"' 
cent marine picture ; for when, after long- continued easterly 
gales, the wind changes to a westerly breeze, many Irundred 
vessels— mostly colliers — ^put to sea together in a single tide, 
and distribute themselves over the ocean with their prows 
turned in almost every direction, some southward and coast- 
wise, for English ports, for the Channel, and for the southern 
countries of Europe ; others, northward for Scotland and the 
ISTorwegian costs; and others, again, due east, for Deniuarl?; 
and the Baltic — all sinking deep in the water, 'weighed down 
by that mineral fuel which is more valuable for England 
than if it were replaced by the mines of Mexico or the dig- 
gings of Australia, 

Yet a few years, and probably the dingy and crawling 
craft which lierforni the chief part in tliis animated scene 
will be abolished. Clix^per screw-steamers are rapidly taking 
their place, and the railroads daily transport a greater x)ro- 
portion of the seven or eight million tons of coal which 
are annually devoured by our huge metropolis. 

Before quitting the Northern coal districts, a few words 
may be added on the swarthy population whose labours 
bring their subterranean riches to the light. The chief 
underground workmen are the hewers, who either remove 
the coal with pickaxes, or sometimes blast it with powder. 
To hew well is a work of skill as well as of strength, and 
men must be early practised in it to earn high wages by 
piece-work. In tolerably thick seams of coal, of five and six 
feet and upwards, hewing is more a work of strength than 
skill; hnt in the narrower seams skill predominates. In 
these the arm is confined, the blow is shortened, the pick 
is impeded. To gain space by adaptation of position, you 
may see one hewer kneeling down on one or both knees, 
another squatting, another stooping or bending double, and 
occasionally one or more lying on their sides or on their 
backs, picking and pegging away at the seam above them. 
If the seam be hard as well as thin, and the man’s position 
confined, it is manifest that he cannot get Mil strength to 
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bear in fallj or liis full measure, of coals. In sucli cases lie 
is bathed in perspiration, in a state of semi-nudity, enveloped 
in floating and clinging coal-dust. If to this we add the 
faint light imparted by the Davy lamps, the constantly 
thickening atmosphere, the exhalations from living beings, 
exaggerated by heat, and not diminished by any free current 
of air, and remember that eight hours is the usual day’s 
work of the hewer, we must surely confess that few men 
have their strength more hardly tasked, or earn their bread 
in a more laborious manner. 



COAL IIEWKIlfl AT WOEK. 

To relieve this arduous toil, coal-cutting machines have 
lately been devised, which are worked either by steam or by 
compressed air, and will probably in time iierform a great 
part of the hewer’s labour, as those already in emxiloyment 
appear to be well adapted to the purpose for which they arc 
contrived, and further improvements in their construction 
will no doubt be introduced. Coal-cutting machines, which 
act either by p)icking or gouging, have been found to work 
more economically than manual labour, while at the same 
time much less coal is destroyed and reduced to slack. A 
matter of still more importance is the diminished risk to 
the persons and lives of the employed, who, when working in 
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a constrained position, and consequently uiia,blG to relieve 
themselves from the fall of a superincumbent mass of coal, 
are frequently crushed to death. The application of 
machinery to cutting coal gives another advantage 
national importance, as, by enabling the working to be 
carried into the deeper seams of coal which lie at so high a 
temperature* as to present serious or insurmountable cliff-' 
culty to hand-work, it will render available to posterity muv 
and hitherto inaccessible stores of coal. 

The hewers may possibly fear to be thrown out of cinidoy- 
ment by its introduction on an extensive scale ; but as it will 
relieve them from their most irksome drudgery, and allow 
them to reserve their strength for less injurious trial, they 
cannot be but thankful for the aid which it affords them. 

They are usually paid according to the number of ba-skots 
or tubs they are able to fill. These are then convoyed by 
the putters through the smaller or lower galleries of the pit 
to the headways, where they are hoisted by the crow-inen 
upon the rolleys or waggons for transporting the coals from 
the crow to the shaft. The roads along which the rolleys 
are driven are made sufficiently high for an ordinary horse 
by cutting away the roof or the fioor. Some of them are 
two miles long, and are kept in repair hy a rolley-wayraan. 
Where tubs are used for the conveyance of coal the whole 
way, no crow is necessary, but a lad, termed a ‘llatmaii,’ who 
links the tubs together at the level or the fiat. 

Next to the hewers, the imtters are the hardest labonrci’S 
in the pit; and in some ifiaces their labour is even harder, 
for it is no easy matter to push corfs or i,abs, weighing from 
six to ten hundredweight, along galleries which are often 
but three or four feet high, where the heat not scddoin 
averages about 78° Fabr., and, in consequence of tluj in- 
creased pressure of the' air, water boils at 220°. The term 
‘ putter’ includes the specific distinctions of the ‘hoadsiuaii,’ 
‘half-marrow,’ and the ‘foal.’ Wliere full tubs or baHkels 
are to be pushed along the rails from the hewers to the crow 
and the rolley-drivers, the headsmen take the chief part ; a 
half-marrow goes at each end of the train alternately with 
another half-marrow ; while a foal always precedes the tiain. 
At the bottom of the shaft the ‘ onsetters ’ are Rationed, who 



EMPLOYMENTS IN MINES. 


417 


nitacli tlio tubs to the ropes wliicli hoist them to the surface. 
Besides tluise various clas.ses of workmon, we find the 
‘shifters,’ who kiiop the galleries in repair, and tlio little 
'^^&rM!pp(!r-hojs,’ whoso duty it is to ox)en the ventilating- doors 
whenever iht!y h(>ar the drivers or trains of coal- waggons 
coming on one side or the other. Their task — though humble, 
tedious, and requiring the least amount of intelligence — is 
of great inqiortance, a.3 tlio numerous doors which they 
guard must riunain open only long enough for the pn,ssago of 
Lho trains, and must then be closed again immediately, or 
the curremt of air needed to ventilate the mine would be 
diverted in its course. It is hardly possible to imagine a 
more joyless childhood than that of those little fellows, con- 
demned to sit in solitary gloom during the greater part of 
the day, and only comforted by the sudden shout or song of 
a teain-di’iverj approaching with his train of waggons, and 
dcMnaiiding the optming of the door. 

Besides the workers underground, a number of labourers 
or artisans are constantly employed above int from the 
* bn.nksmon,’ whoso duty it is to see all things living and 
lifi'b^HS up find down the slnift, to the ‘staithmen,’ who 
attend to the Hi.aiih or shipping-place of coals. Many find 
constant o(*.cupfition in the raff yard, where old waggons, 
ironwork, and woodwork, are duly hospitallod and refitted 
for fresh duty. 

The daily work of the mine is conducted according to the 
Riric.tcst discipline. The ‘ resident viewer ’ is supreme, and 
has subordinate viewers, overseers, and wastemen, lamp- 
kerqiers, and other officers, wlio have each their departments, 
and discharge their duties assiduously. 

Thus a first-rfito northern colliery establishment — where a 
total of more than live hundred pc'rsons arc variously employed 
•— rt!RGmbles a little community in itstlf. Men of all educa- 
tions, arts, grades, and duties, and mfil(‘8 of almost all ages 
from ten yefirs, tiro here ; imm, too, of all appoartinces — from 
the gcmtlemanly viewer to the doubtful wasteman, and from 
the underground workers-in-chiet—tho hewors~to the 
h u m 1 )le tni] )i)<‘r-b( )y s. 

The ptKuiliar nfiiuro of his underground occupations, 
which condehms the pitimiu, while working, to a position of 
K E 



418 


THE SUBTERTIANEAX WOllHT). 


great restraint, and taxes the limbs and muscles in a. very 
unequal manner, naturallj influences his outward a,ppt‘ai“ 
ance, so that he can he easily distinguished from every other 
operative. 

His stature is diminutive, his figure disproportioned and 
misshapen; his logs being much bowed, and his chesi. ]»ro- 
truding like that of a pigeon. His arms are long and oddly 
suspended. His countenance is not h^ss stra,ngo than his 
flgure, his cheeks being generally hollow, his brow over- 
hanging, his cheekbones high, his forehead low and re- 
treating, his complexion j^allid. Many of ihese bodily 
peculiarities or malformations arc probably In'roditary. 
Pitmen have always lived in communities; they have asso- 
ciated only among tbcmselvcs, and ha.ve thus acfquiri'd 
peculiar habits and ideas. They almost invji, viably inttU’- 
marry, and it is not nncommon in their marriiig('S io 
commingle the blood of the same family. They have thus 
transmitted natural and accidental defects ihrongh a long 
series of generations, and may now bo regarded in, tlu', light 
of a distinct race of beings. In spite of the g('nera,l march 
of intelligence, llieir education is sidll very imperfect, a.iul 
they are just emerging from the greatest i)ossiblo moral and 
intellectual darkness — an improvement due mainly to the 
Wesleyan Methodists. The untiring labours of ihis re- 
ligions sect not only imparted to ilie collhuy poi)ulation in 
the Horth of England a liigher tone of moral finding, buir in 
their efforts to instil religions principles inlo their minds, 
afforded them, through Sunday-schools, a slight amount of 
education and an imperfect capability of reading. These 
first seeds of improvement will, it is hoped, gradually ripen 
into fruit, and oiiposo a strong barrier io tb.o i>rominent 
vices of colliers — gambling and intemperance. 

A lack of mental and personal openness and boldness, a 
great inclination to injury and theft, the grossest supersti- 
tion, and a want of the commonest economy aud forethought, 
are likewise faults which are said to be very common among 
them. Deception is so much a practice with them, that iliiy 
deceive when no earthly advantage can bo obtained from 
their dishonesty. 

On the other hand, the proofs of filial afln'etion whieh 
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fcuey exliibitj a.iid tlie noble feeliugs and beroism wliicli tliey 
display when explosions or accidents take place, prove tliat 
tbe groundwork of tlndr character is good, and merely re- 
quires the influence of a better education to remove a great 
part o'f tlic blemisbos which ignorance has engrafted upon 
an originally wholesome stock. Under every disadvantage, 
several eniiiient incui have sprung from their class’. Thomas 
Uewick, the celebrated wood-engraver, was early inimurcd in 
pits ; the late ctdtibviited matlieinatician, Ur. Hutton, was 
originally a hewer of coalj Professor ITann, of King’s 
Clollege, in London, was a boy woiddiig underground in a 
northern colliery; and George Stephenson, the illustrious 
inigiiieer — whose wonderful inventions have revolutionised 
the world, and who, after the lapse of many ages, will still 
be reetkoned among England’s most illustrions sons — began 
life as a trapper. 

Though the use of coal was already known to the ancient 
Britons, yet the first public notice of the mineral is nien- 
^tioned by Hume to have hcon in the time of Henry III., 
who, in the ycair 1272, granted a license to dig coids to the 
f;ovvn of Neweasilo. Somewhat later, in 1291, the abbot and 
jnonasteryofUunfermlinoinScotlandobtainGd a similar grant. 
The lix’st coal is said to have boon bronghi to London about the 
year 1205, wluu'O it was us<id only by smiths, dyers, and 
soap-boilers, The smoke, which was supposed to be injurious 
to lieHth, caused gi’eat annoyance to the wealthier inhabi- 
tants of the city, so that in 1816 its use was prohibited by a 
d(H!reo of Edward I. This ordinance seems, however, to 
have been but little attended to ; for a few years later in- 
spectors wore named to levy fines in case of its non-observ- 
ance ; and if these x>i’ovt}d inoifectnal, to demolish the fire- 
places tirranged foi' the hurning of coal. The comxdaints 
against this fud continued several centuries, for as late as 
1661 King Charles IF. was jn’eyed to remedy the nuisance 
by banishing from town manufackirers who require large 
qnauiitiee of coal. 

Yet, in spite of all the interdictions, comxdaints, and 
prejudices arrayc'd against it, coal continued to grow in use; 
for as early as 1015 Huwcastlo gave employment to about 
four hundred •v('.saels, one-half of which number supjply the 
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demands of London. FrenoJi ships even then fetched coals 
ill that port, and the Hanse towns conveyed them to 
Flanders. 

About the middle of the seventeenth century the cofth 
trade, notwithstanding an increase of price, required'' nine 
iiundred vessels ; and fifty years later half a million of tons 
were exported from Newcastle, requiring fourteen hundred 
vessels for their carriage. During the eighteenth century 
the northern coal trade constantly increased with the steady 
growth of London, which in 1770, although not possessing 
one-sixth of its present population, already consumed seven 
hundred thousand tons j and it would have been impossible 
lor the colliers to satisfy the constantly growing demand 
if the invention of the steam-engine had not lent its power- 
ful aid to raise larger quantities of coal fron a grea.tor depth, 
and to drain many works whicdi otherwise would have been 
deluged with water. 

The other English coal-fields began to bo worked at a 
much later period than that of Newcastle, but rapidly grow 
in importance with the vast increase of our manufactories. 

The extraetion of coal is indeed constantly increasing 
at a truly gigantic rate. Thus, in 1845 our whole annual 
production was rated at thirty-five millions of tons ; in 1859 
it amounted, according to trustworthy returns, to sixty- 
eight millions ; in 1865 it had advanced to ninety-six million 
tons; and in 1873 the 3,527 collieries of the United Kingdom 
produced no less than 127,016,747 tons of coal; enough to 
encompass the earth with a girdle of coal three feet wide 
and about seven high. 

The question of the duration of our coal-fields is evidently 
one of great national interest. It has of late excited the 
attention both of statesmen and philosophers, but unfortu- 
nately it is more easily put than answered. While some 
authorities give us the cheering assura.nce that wo have 
enough to last us for the next two thousand years at least, 
others limit our supply to three or four centuries, or assign 
even a couple of hundred years as the period when our 
decendants will have to seek their coals in the mines of 
other countries. The quantity of fuel left in the Newcastle 



QU]<)RTION OP COAL SUPPLY. 


421 


basin — tlie most aiioiontly worfced of our coal-fields — was 
estimated bj Mr. Hall, in 1854, at 5,121,888,956 tons. 
Dividing^ tins total by 20,000,000 of tons as tlie present 
ainmal consumption, tbo future supplies of this famous coal- 
field would tbiis be limited to about two liundred and fifty 
years — a very short period in the history of a nation. The 
immense consumption of coal in the iron furnaces and 
foundries of Staffordshire will probably lead to an ex- 
haustion of tha,t coid-field even before Northumberland and 
Durham, for its area is scarcely more than one-half of the 
area of the Northern Coal-field. It has, indeed, one very 
thielc seam of coal of from thirty to forty feet, but this will 
not alone cornpensato the difference. The coal-fields of 
Yorkshiro, Lancashire, and Derbyshire, situated amongst 
the numerous iron-worlrs and manufactories, as well as large 
populations, justify a similar prophecy; but, on the other 
lumd, better prospects are held out by the great coal-field of 
South Wales. 

After deducting the coal practically unattainable from its 
d(^pth, sixiy thousand millions of tons may be considered a 
liberal ostimato of the available mass. At the present rate 
of extraction (ten millions of tons) this would give a supply 
for the next six thousand years ; bub supposing the other 
sources to fail, the extraction of coal from the South Wales 
basin would of course ho increased to such an extern as to 
limit its duration to six or seven centuries. It may he 
remarked that the largest estimates of future coal supply 
are based on the assumption that mines may he worked at 
a d(?pth of four or five thotisand feet ; hut this is very pro- 
Idcmatioal. Mechauionl skill may indeed pierce shafts to 
ibis depth, or oven deeper; but the increase of temperature 
wliich is raised by one degree for about every successive 
seventy feet, along with the increasing density of the air, 
must ever oppose insuperable obstacles to human labour at 
Buck a distance below the level of the sea. To the natural 
heat and density arising from depth must be added the 
eorrupiions arising from human perspiration, which are 
eonstanily on the increase during working hours in working 
places. Wc si)oak,’ says the author of an excellent article 
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in the Quarterly Beuiew,^ ‘ from some brief personal 
experience of what these thing's are at a depth of nearly 
eighteen hundred feet, where the actual temperature varied 
from eighty-five to eighty-six and a half degrees. SiiSh 
experience is necessary to qualify any man to judge of the 
vertical limit of human lahoui-, and we hesitate to fix it at 
more than two thomsand five hundred feet, and should fix it 
at that depth only for the hardiest of hewers and haulers 
of coal.’ 

The pressure of superincumbent strata, which renders the 
upholding of the roof, even at fourteen or fifteen huiidred 
feet, a problem of ceaseless anxiety and expense, must also 
he taken into account. At depths much exceeding two 
thousand feet, it is very doubtful if the roofs could be securely 
upheld except at such an outlay as would considerably raise 
the cost of extraction, while the coal itself would be more 
and more dense, and therefore more and more difficult ^to 
dislodge. Tor these various reasons, all the strata of coal 
situated below the depth of two thousand five hundred feet, 
or at the very utmost three thousand feet, may be con- 
sidered as practically unworkable; and thus sobei'-minded 
calculators, on comparing the available solid contents of our 
coal-fields with the rate of extraction, have come to the con- 
clusion that a thousand years is the maximum of the pro- 
bable future supply of England and Wales. Adding to this 
the Scotch and Irish coal, which are not included in the 
estimate, and swelling our account with lignite and peat, we 
have at any rate sufficient materials for keeping our fires 
burning for a good time to come, and may safely leave all 
desponding views on the subject to distant generations. 

ISText to England, no European country has so rapidly 
increased its coal production as the German empire ; where, 
thanks to the railroads, the consumption of mineral fuel 
is yearly extending over a wider range, and gradually 
supplanting in many localities the use of wood. Official ac- 
counts inform ns that in 1873, 727,861,000 cwt. of black 
coal, and 200,000,000 cwt. of lignite — together, about 46 
million tons— were produced; a mass considerably greater 
than the joint production of Trance and Belgium, and equal 
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to about one-tliird of tlxe production of Great Britain. The 
chief coal-fields are those of "Upper Silesia, of the Euhr, 
<_)f the Saar, of Waldenburg (in Lower Silesia), of Dresden 
and Zwickau (in Saxony), of Aachen (Aix-la-chapelle), Ibhen- 
bnreh, and Minden, which not only supply the greater part 
of Gerinaxiy, but also yield a considerable exportation to 
Drance, Switzerland, and Holland. 

The German ports on the North Sea and the Baltic 
still largely consume British coal, which, however, has 
b(;en entirely driven from the Ehine ; and Berlin, which in 
18(50 burnt 202,070 tons of English coal, consumed little 
more than one-half that quantity (123,401 tons) in 1866, in 
spite of Q< considerable increase of population ; while at the 
same time the consumption of coal from Upper Silesia 
increased from 01,700 to 328,712 tons. 

The small but thriving kingdom of Belgium, where the 
cgllieries of Liego, Namui', and Hainaut give rise to a com- 
mercial activity unequalled on the Continent, occupies the 
third rank among the coal countries of Europe, its pro- 
duction in 1808 having amounted to 10,500,000 tons. The 
provinces of Namur and Liege consume almost all the 
coal tluy produce, while Mens and Charleroi, in Hainant, 
export more than iliree millions of tons to France. 

This comitry, which, in 18G8, imodnced 12,800,000 tons of 
coal, requires at least 25,000,000 for its consumption, and 
imports iho difference from Belgium, England, and Germany. 
The chief coal-basins are situated in the departments of the 
Loire, du Nord, Sadne et Loire, and Gard, which furnish 
about seven-eights of iho whole production. Austria, 
wlioso principal coal mines aro situated in Bohemia, pro- 
duces about 8,500,000 tons. Spain possesses magnificent 
C{)|j(l- fields in the A.sturiiis and Saiitaiiders, but as yet they 
have hoon but little workt'd. 

Beside the coal-hasius of the mother country, Britain is 
riclily provided with coals in many of her colonies. In New 
South WaUiB aiud Tasmania., in Labna.n and Farther India, 
in Ilindostau u,nd N(‘W Zealand, in British Columbia and 
Honduras, valuable basins or seams of coal have been 
discovered ; and a magnificent coal-field, far surpassing 
ill magnitude those of the Britmh Islands, extends from 
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Hewfoundland, by Cape Breton, Prince Edward Island, 
and Nova Scotia, across a larp^o portion of New Briniswick. 
Thus far it lias been but little workcnl, in coimlrit'a bnt 
tbinly peopled, and covered for the most part with boundless 
forests ; but as from its g-oneral proximity to the sea it oilers 
every advantage for mining oporaiiona, a brilliant future 
may safely be predicdi'd for the lands it nndt'rlies. 

The coal-fields of the United States are of still more anii>lo 
proxiortions, as they surpass in extent all the known coal- 
basins of the world besides. Beyond the Alleghuny Moun- 
tains we find the magnificent Ax)palaeliian Ooa-b field, ira.- 
versing eight of the xirineiiial Statt's in the American Union, 
from the northern frontiers of Pensylvania to Alabama., and 
com’ing’ a space of about sixty-five tliousand s(piare mih^s. 

Of scarcely inferior extent are tlie vast eoal-fud<la of 
Indiana, Illinois, and Kentneky, whicdi nearly ecpnil in mag- 
nitude the whole of England ; and anoi her smaller but higlily 
important coal region is situated betwaam t.ho lakes Eri(‘, 
Huron, and Michigan, not to ineution the minor (*oa,l-bn,sin.s 
scattered here and there from Texas to Missouri, and from 
New York to Maine. 

As yet, the Americans have not derivaal full htmefit from 
their extraordinary coal deposits; hnt the possi'ssion of so 
vast an accumulation of power allows tis to xinnliet a future 
of almost boundless enterprise and x>i'odnction for tliat won- 
derful country. 

While in most of our eoal-searas dtH‘p sha fls have to he sunk 
to obtain the coal, and steam power has to be eoustantly 
employed to iprevcnt its submersion, the Appahudiian Cinil- 
field is intersected by three great navigable rhau's, ilaj 
Mononga.hela, tlie Alleghany, and the Ohio, all of which lay 
open on their banks the hwel seams of coal. At Brownhill, 
on tbe first of these rivers, the main seam of bitnminous (Al, 
ten feet thick, breaks out in the steep clitf at the water’s 
edge. Horizontal galleries may be driven everywhere at very 
slight expense, and so worked as to drain themsidves, while 
the cars laden with coal, and attached to each other, glide 
down on a railway so as to deliver their burden into bargi's 
moored to the river’s ba.nk. The 8a.mo seam may be followed 
the whole way to Pittsburg, fifty miles distjMit. Being 
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nearly horizontal, it crops out as the river descends, at an 
continually increasing, but never at an inconvenient, height 
above the Monongahela. Besides this main seam, another 
layer of workable coal, six feet thick, breaks out on the slope 
of th6 hills at a greater height. Here almost every pro- 
X)rietor can open a coal-pit on his own land, and the strati- 
fication being very regular, he may calculate with i^recision 
the dopi h at which coal may be won. 

One of the most remarkable collieries in the w'orld is that 
f)f Mailnch Chunk (or the Bear Mountain) in Pennsylvania, 
where an enormous bed of anthracitic coal, nearly sixty feet 
thick, and probably caused by the doubling back of a twenty- 
eight feet seam upon itself, is quarried in the open air; 
the overlying sandstone, forty feet thick, having been re- 
moved bodily from the top of the hill, which, to use the 
miners’ expression, has been ^ scalped.’ 


Simmary of ihe Coal Proihu'e of the United Kingdom, 1873, 


North Duvluini and N 


unibevland 

. 12,204,340 

Cluinberlaml . 

. 1,7-17.064 

South Duvlium , 

. 17,436,045 

Wi!t'tiiuu*ehuid . 

. 1,072 

yorkshiro . 

Dorliysliieo . . ) 

. 16,311,778 

Nottiiigliainehiro . 

Warwickshire 
Loiccstorshiro . . J 

• 11,608,000 

Clioflliire 

. 1,160,600 

Hhropflhiro 

. 1,670,000 

StaObrdsluro, North . 

, 3,802,010 

Total of tho United Kin, 


Stafforclshiro, South, and 
Worcoscorsliiro 
j Lancashire*, North and East 
Lancashire, West 
Gloucoalorshiro , 
Soniorsctshiro 
Montnouthshiro 
North Wales 
1 South Wales 
Scotland, East 
Scotland, West 
Ireland 


9,-163,550 

9.660.000 

7.500.000 

} 1,858,740 

. 4,500,000 
. 2,450,000 
. 9,841,523 
. 10,142,039 
. 6,716,733 
103,435 


OflluH vast quanUty 16,718,532 tons were used in the manufacture of iron, and 
12,617,560 tons, of a'dwlaved values of 13,188,511Z., exported to foreign countries. 

Ill tJui flame year Louilon coiiKumod 2,666,680 tons hronght by sea, 11,195 by 
caiitil, and 6,1-17, 413 by railway, fomiiig a total of 7,B24,288 tons.—Ifunt’s 
Mineral Slathtiae, 
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CHAPTER XXXIIT. 

BITUMINOUS SUBSTANCES. 

Formation of Petrolonm — Enormous ProdueLion of tlifi Ponnsylranian 'Wolla — 
Aaplialte nRod by tlio Aiicionts — Asplialto Pavenionts — Tho Pitch Lake of 
Trinidad — Jet — Its Manufacture in Whitby. 

rpHB class of bituminous minerals cxliibits a long series of 
X inflammable substances, wliicli arc supposed to bo derived 
from tlie decomposition of organic matter in tlio rocks con- 
taining them. Some (Petroleum Rock-aiaptba) issue in a 
fluid sta,te from the earth, while others pass by insensible 
gradations from petroleum into pittasphalte ormaltba (viscid 
bitumen), and the latter as insensibly into the solid form of 
asphalte. Certain bitumens, again, differ but slightly in com- 
position from bituminous coals, so that it is, in reality, very 
difficult to draw a decided line between them. Hence it is 
highly probable that in petroleum we see the product of a 
primeval vegetation which, under ilie influence of chemical 
change and heat, has partly assumed a liquid form, and 
oozing from the deep-seated strata in which it was confined 
by terrestrial revolution, now permeates the superficial rocks, 
or exists collected in subterranean cavities, wIkuico it issues 
in jets and fountains whenever an outlet is nmdo by boring. 

Petroleum springs have been known for many ages in 
Burmah, where there are about one hundred wells from one 
hundred and eighty to three hundred and six foot deep, oacli 
lined with horizontal tubes, but not all now worked; at Baku, 
in the neighbourhood of the holy fires, already mentioned ; 
near the village of Amiano, in Parma, whence enough was for- 
merly obtained to light the streets of Genoa; at Zante, one of 
the Ionian islands, which has furnished oil for more than two 
thousand years, its petroleum siiriug having been mentioned 
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by Herodot-us ; at Ag-rigentum, in Sicily, wbicli, according to 
Idiny, f urnisliGS a mineral oil that was collected and used for 
burning in lamps; on the banks of the Kuban, and many 
other localities ; but it is only since the discorery of the im- 
incnso sources of supply in the north-eastern States of Ame- 
rica and in Canada that petroleum has become not only an 
article of the greatest commercial importance, biit a blessing 
to millions in all parts of the world. It gladdens the long 
wint(»r evenings of the Icelandic peasant, and enlivens the hut 
(jf the Australian settler ; it has found its way into the re- 
motest glens of the Alps, and to the distant sea-ports of 
(Ihina. Ko wonder that its economical and cheerful light 
has caused its consumption to increase with a rapidity almost 
without a precedent in the annals of commerce. 

In 1861 the exportation of 250 barrels of petroleum to 
Europe was mentioned in the American papers as an ‘im- 
pcyi'taut transaction,’ and in 1870 no less than 141,208,550 
gallons wc're exported from the ports of Philadelphia and 
]Sf(iw York, 

Tlic pcdu-oloum production of Pennsylvania amounted in 
1870 to 5,050,000 barrels, and that of West Virginia and 
Ohio to 511,000. 

When wo relioct that this amazing mass of liquid bitumen 
must necessarily be increased from year to year to meet a 
constantly moreasing demand, it might almost be feared 
that, in spite of the prodigality of nature, its subterranean 
reservoirs must one day be exhausted. 

Asphalted, a mineral pitch of a deep black colour and a 
cmichoidal brillijLut fracture, is frequently found swimming 
on the surfuc’O of the Lake Asphaltites, or Lead Sea, in 
3u(hea, which receives its name from the circumstance. It 
also occurs in considerable quantities in Lower Mesopotamia, 
particularly at Hit, whence it was exported to Egypt, where 
it was used for embalming as early as the reign oi Tbothmes 
III., about lyl'OO years n.o. The ancients also frequently 
employ (id it combined with lime in their buildings. Kot 
only wcu'O iho brick pialaces of Kineveh and Babylon 
cenumted with this material, but some of the old Roman 
fUHlles in this country are found to hold bitumen as the 
cement by ^fhich their stones are secured. 
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‘It is a remarkable fact,’ says tlie late Dr. Drc, ‘iliat tlio 
substance tlius employed in the earliest constructions upon 
record, should for so many thousand years have fallen woll- 
nigli into disuse among civilised nations; for there is certainly 
no class of minerals so well fitted as the bituminous, by 'their 
plasticity, fusibility, tenacity, adhesiveness to surfaces, im- 
penetrability by water, and uncliangeableiiess in the atmo- 
sidiero, to enter into the composition of terraces, foot pave- 
ments, roofs, and every kind of hydraulic work. BituTnon, 
combined with calearioiis earth, forms a compact somi-elastio 
solid, which is not liable to suffer injury by the greafest 
alternations of frost and thaw, which often disintegrate in a 
few years tho hardest stomj ; nor can it be ground to dust 
and worn away by the attrition of the feet of men and animals, 
as sandstone, flags, ntid even blocks of granite arcs. An 
asphalte povomciit rightly tempered in tenacity, solidity, and 
elasticity, seems to be incapable of sniferiug abrasion in tlio 
most crowded tliorongbfaros— -a fact exemplified of late in a 
few places in London, but much more o.xtunHive1y and for a 
much longer time in Paris.’ Many of the asphalfce i)av(nnontH 
made in England have, indeed, proved failures; but as the 
proper proportions of the respective ingredients may not have 
been maintained, further trials are advisable. At present., 
although bitumen is employed, and with seeming advaniage, 
as a cement botweeii paving-stones, its use in tho formation 
of foot pavement has been confined within narrow limits. 

In Europe tho most oxtonsivo mine of asphaltic rock is 
undoubtedly that of tho Val do Travers in tho canton of Nt'uf- 
chtltel ; but tho most romarkablo deposit of bitumen in tho 
world is the celcbratc'd Great Pitch Lake in t.ho isluiul of 
Trinidad. With regard to its formation, Sir Charles Lyc'U 
remarks that the Orinoco, which discharges its vast volume 
of water right opposite to tho island, has for ages been rolling 
down gx’eat quantities of woody and vegetable bodies into ihc 
surrounding son,, where, by tlio induonce of currents and 
eddies, they may bo arrested and aecumnhittHl in particular 
places. The frequent occurrence of earth qiuikc^s and oiIu*r 
indications of volcanic action in these parts lends countenance 
to the opinion that those vegetable substances may have 
undergone, by the agency of subterranean fire, those trails- 
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fonaatioiis or elieuiical clianges -wliicli produce petroleum; 
and tills may, by tbe same causes, be forced up to tbe surface, 
where, by exposure to the airj it becomes inspissated, and 
forms the different varieties of pure and earthy pitch or 
asphaltum so abundant in the island. To my friend Mr. C. 
M. Collins, Cliief Engineer R.JST., then an officer in H.M.S, 

‘ Scourge,’ wlio visited the Pitch Lake early in 1849, 1 am 
indebted for the following interesting particulars about this 
grand scene of subterranean activity. The Pitch Lake is 
three miles in circumference ; the bitumen is solid and cold 
near the shore, but gradually increases in temperature and 
softness towards the centre, where it may be seen boiling up 
through the cracks at the surface. The lake is a level plain, 
with small j)ools of freshwater in every direction, and around 
which grow trees and various tropical plants, as shown in the 
engraving, which gives one an excellent idea of the place. 

The best pine-apples in the West Indies, called black 
pines, flourish on the border of the lake, together with the 
poisonous Manchineel tree, the mahogany, and tufts of 
graceful palms. 

In 1849 many experiments were tried, under the superin- 
tendence of the celebrated Earl of Dundonald, in order to 
ascertain if the bitumen could he used as fuel onboard steam- 
ships, but without success. Eighty tons of bitumen were 
taken by the Scourge ’ and landed at Bermuda Dock-yard, 
where many other experiments were tried, still under the 
earl’s superintendence, till at length one of the convict hulks, 
the ‘ Medway was lit up with gas, which was so successfully 
done that the town of Halifax, Hova Scotia, was afterwards 
for a time lit up with it. Though of a superior kind, its use 
was, however, discontinued, as coal could be procured from 
Oapo Breton and Picton, H.S., at a cheaper rate. In spite 
of those unsnccessful efforts to utilize the pitch, there can 
be no doubt that ere long a material of such valuable pro- 
perties, and furbished so abundantly by nature, must become 
an important article of commerce. The wonder is, that it 
has been so long neglected. 

Though Jet is frequently considered to be wood in a high 
state of bituniinisation, yet the fact that we find this beau- 
tiful substai^co surrounding fossils, and casing adventitious 
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masses of stone, seems to slipw tliat a liquid, or, at all events, 
a plastic condition, must at one time have prevailed in its 
formation. This opinion is further streng'bhened bj the 
circumstance that petroleum stronglj impregnates the rock 
in which it is found, giving out a strong odour when it is 
exposed to the air. 

Jet occurs chiefly in the neighbourhood of Whitby in 
Torkshhe, the estates of Lord Mulgrave being especially 
productive. The jet miner attentively searches the slaty 
rocks, and finding the jet spread out, often in extreme thin- 
ness, between their laminations, follows it with great care, 
and is frequently rewarded by its thickening out to two or 
three inches. 

The art of working jet is of very ancient date in this 
country, for the Romans certainly employed it for orna- 
mental purposes, and probably found it in use among the 
Britons whom they conquered. Lionel Charlton, in the 
‘History of Whitby,’ says that in one of the Roman tumuli 
he found the earring of a lady having the form of a heart, 
with a hole in the upper end for suspension from the ear. 
There exists no doubt that, when the Abbey of Whitby was 
the seat of learning and the resort of pilgrims, jet rosaries 
and crosses were common. The manufacture was carried 
on till the time of Elizabeth, when it seems to have ceased, 
and was not resumed till the year 1800, when Robert Jeffer- 
son, a painter, and John Carter, made beads and crosses 
with files and knives. A stranger coming to Whitbj", and 
seeing them working in this rude way, advised them to try 
to turn it; they followed his advice, and found it answer. 
Several more then joined them, and from that time the trade 
has been gradually increasing ; so that at present the total 
annual value of the mourning ornaments made at Whitby 
and Scarborough amounts to no less than 125,0002. About 
250 men and boys are employed in searching for jet, and 
between 600 and 700 are engaged in its manufacture. 
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CnA.PTER XXXIV. 

SALT. 

OeoloRleal Position of Book Salt-Mines of Northwicli— Their imraonse Excava- 
tions— J)roifcwic-h nml Stoko— Wiolifzka— Borclitcsgaden and Reichenball— 
Atiinirablo Macliin(‘ry— SlnsHfiirt— ProcoBscs employed in the Manufacture of 
Salt — Origin of liock-Bult JJcpoHits. 

riOMMON salt is so necessary to man, and of sncli vast 
, importance to ilio inannfacturer and agriculturist, that 
the processes hy -vvIuc-Il it is obtained are justly reckoned 
among tlio chief branches of industry. 

In many of the wanner countries of the globe it is procured 
simply by the evtiiioraiaon of seti-wator in shallow lagoons j 
in oHiers, it gnsh(‘s forih in briny springs, or occurs in in- 
land lake.H, pools, and manslies, or is extracted in the solid 
form t>f rock-salt from the bosom of the earth. 

The geological position of rock-salt is very variable ; it is 
found in all stHiiinuntury formations, and is generally inter- 
slratiliiMl Avitli gypsum, and associated with beds of clay. In 
England its chi('f dc'ptjsits occur in the new red sandstone in 
the iH'gion arouiul Norihwich, in Cheshire. They consist of 
two b(ids which are not less than one hundred feet thick, 
and are sapposi'd i,o conslit.uto hirgo insulated masses about 
a mile and a half long and nearly 1,800 yards broad. The 
upj)ormostbc(I (xunirs at seventy- five feet beneath the surface, 
and is separated fnim the lower mass hy layers of indurated 
clay, i.hiriy-om? aaul a hu-lf liu‘t thick, with veins of rock-salt 
running betwixm ihiua. Hitherto only the lower bed has 
bec'u worked, for the upper deposits are of inferior purity. 
T1 u‘ho valuable mines wcu'O accidentally discovered in 1G70, 
during an unsuceessful sinking for coal; and as cver'shico 
that time th»y have furnished a constantly increasing quan- 
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tity of salt, amounting during tlie last fow years to more tluin 
1,250,0000 tons, tlie vastness of tlie excavations may easily 
be imagined. To support the roof, which is about twenty 
feet above the floor, and extends in some cases over stweral 
acres, huge pillars not less than fifteen feet thick have been 
left standing at irregular intervals, thus forming imnumse 
rows of galleries, which even wlien illuminated l»y thou- 
sands of lights are lost in a dim and endless perspective, 
which may well remind the spectator of the fabled Hall of 
Eblis. 

As the salt is detached from the rock by bhiHi-iug, the 
grandeur of the scene is not a little heightened by the fre- 
quent explosions re-echoing through the spacious vaults, and 
booming like thunder from some dark and distant gallery. 
Tor the transport of the salt undei’ground, the roomy pas- 
sages are traversed in every direction by tram-roads, on 
which waggons drawn by horses easily convoy it from the 
place of extraction to the bottom of the shaft. The elu(*f 
part of the Cheshire salt (both white and rock) is sent down 
the river Weaver to Liverpool. As it is rarely found of 
sufiicient purity for immediate use, it is first cliaHolved in 
water, and afterwards reduced to a crystalline BtaitJ by 
evaporating the solution. The necessary coals are tuosily 
brought by canal from the neighbourhood of St. Hobms, and 
salt taken as a return freight ; so that, as in a clock-work 
where one wheel catches into another, nothing is wanting to 
render its manufacture as economical as possible. 

Among the mineral treasures which mitnro has so prodi- 
gally bestowed upon Great Britain, tbe salt-mincjs ol’ CJluishiro 
hold a conspicuous rank, as they not only pruvide ducily for 
our own vast consumption, but also for that of many ollu^r 
countries. In 1873 they iiroducod 1,485,000 tons, of which 
841,226 tons (value 789,185h) wore exported chiefly to British 
India (222,995 tons), the United States (242,444 tons), and 
Eussia (84,528 tons). 

^ Next in importance to the Cheshire mines are the brine- 
pits of Droitwich and Stoke, in Worcestershire, the humu'r 
of which are said to have been worked in the time of tbe 
Eomans, and now chiefly supply the London market. In 
some parts large areas are gradually subsiding, so that in the 
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town itself whole streets have had to he removed ; in others 
the ground has suddenly sunk and formed considerable 
crateriform hollows, not seldom above a hundred feet deep. 
Great fears are entertained of similar catastrophes on a still 
more extensive scale. A.11 these terrestrial revolutions are 
no doubt owing to the action of springs which are constantlj 
washing away and weakening the pillars sustaining the roofs 
of ancient excavations.* In 1873 the produce amounted to 
279,750 tons, of which about 60,000 were exported to foreign 
countries. 

At Droitwitch the borings are only 175 feet deep ; and so 
abundant is the supply of brine that, if the pumps cease 
working, it speedily rises to within nine feet of the surface, 
and if left unremoved soon overflows. 

The most renowned salt-mines on the continent of Europe 
are undoubtedly those of Wieliczka, a small town of about 
6,000 inhabitants, situated to the south of Cracow, in a fruitful 
valley on the northern borders of the Carpathian mountains. 
‘After descending 210 feet,’ says Mr. Bayard Taylor, an 
American traveller who visited them a few years ago, ‘ we 
saw the first veins of rock-salt in a bed of clay and crumbled 
sandstone. Thirty feet more, and we were in a world of 
salt. Level galleries branched off from the foot of the stair- 
case ; overhead a ceiling of solid salt, under foot a floor of 
salt, and on either side grey walls of salt, sparkling here and 
there with minute crystals. Lights glimmered ahead, and 
on turning a corner we came upon a gang of workmen, some 
hacking away at the solid floor, others trundling wheel- 
barrows full of the precious cubes. Here was the chapel of 
St. Anthony — ^the oldest in the mines — a Byzantine excava- 
tion, supported by columns, with altar, crucifix, and life-size 
statues of saints, apparently in black marble, but all as salt 
as Lot’s wife, as I discovered by putting my tongue to the 
nose of John the Baptist. The humid air of this upper story 
of the mines has damaged some of the saints. Erancis, 
especially, is running away like a dip candle, and all of his 

* It may Tie remarked that similar catastrophes not seldom happen when the miner 
is at work helow the foundations of a town, Essen, in the neighbourhood of Mr. 
Knipp’s gigantic establishment, is giving way; and at Iserlohn, the Westphalian 
Birmingham, maijy houses have become uninhabitable from this cause. 
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head is gone except his chin. The limbs of Joseph ai-e 
dropping off as if he had the Norwegian leprosy, and Law- 
rence has deeper scars than his gridiron could have made, 
running up and down his back. A Bengal light, burnt at 
the altar, brought into sudden life this strange temple, which 
presently vmiished into utter darkness, as if it had never been. 

‘ I cannot follow, step by step, our journey of two hours 
through the labyrinths of this wonderful mine. It is a be- 
wildering maze of galleries, grand halls, staircases, and 
vaulted chambers, where one soon loses all sense of distance 
or direction, and drifts along blindly in the wake of his con- 
ductor. Everything was solid salt except where great piers 
of hewn logs had been built up to support some threatening 
roof, or vast chasms, left in quarrying, had been bridged 
across. As we descended to lower regions, the air became 
more dry and agreeable, and the saline walls more pure and 
brilliant. One hall, 108 feet in length, resembled a Grecian 
theatre, the traces of blocks taken out in regular layers 
representing the seats for the spectators. Out of this single 
hall 1,000,000 cwt. of salt had been taken, or enough to 
supply the 40,000,000 inhabitants of Austria for one year. 

‘ Two obelisks of salt commemorated the visit of Erancis I. 
and his Empress in another spacious, irregular vault, through 
which we passed by means of a wooden bridge, resting on 
piers of the crystalline rock. After we had descended to the 
bottom of this chamber, a boy ran along the bridge above 
with a burning Bengal-light, throwing flashes of blue lustre 
on the obelisks, on the scarred walls, vast arches, the en- 
trances to deeper halls, and the far roof, fretted with the 
picks of the workmen. The effect was truly magical. Bre- 
sently we entered another and loftier chamber, yawning 
downwards like the month of hell, with cavernous tunnels 
opening out of the further end. In these tunnels the work- 
men, half naked, with torches in their hands, wild cries, 
fireworks, and the firing of guns (which here so reverberates 
in the imprisoned air that one can feel every wave of sound), 
give a rough representation of the infernal regions, for the 
benefit of the crowned heads who visit the mines. A little 
further we struck upon a lake four fathoms dee]D, upon which 
we embarked in a heavy, square boat, and entered a gloomy 
tunnel, over the eutrance of which was inscribed (in salt 
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letters) “ Good luck to you ! ” Midway in tlio tmmel, tke halts 
at either ends were suddenly illuminated, and a crash, as of 
a hundred cannon bellowing throug-h tlie hollow vaults, 
shook the air and water in such wise that our boat had not 
ceased trembling when we landed in the further hall. A 
tablet inscribed “ Hearlily welcome ! ” saluted us on landing. 
IPinally, at the depth of 450 feet, our journey cea,sed, although 
we were but half way to the bottom. The remainder is a 
wilderness of shafts, galleries, and smaller chambers, the 
extent of which we could only conjecture. We then returned 
through scores of tortuous passages to some vaults, where a lot 
of gnomes, naked to the hips, were busy with pick, mallet, and 
wedge, blocking out and separating the solid pavement. The 
process is quite primitive, scarcely differing from that of the 
ancient Egyptians in quarrying granite. The blocks are 
first marked out on the surface by a series of grooves j one 
side is th^n deepened to the required thickness, and wedges 
being inserted under the block, it is soon split off. 

‘The number of workmen employed in the mines is 1,500, 
all of whom belong to the “upper crust” — that is, they live 
on the outside of the woild. They arc divided into gangs, 
and relieve each other every six hours. Ea(3h gang quarries 
out, on an average, a. little more than 1,000 cwt. of salt in 
that space of time, making the aiumal yield 1,500,000 cwt. ! 

‘The men we saw were fine, muscular, hoalthy-looking 
fellows ; and the officer, in answer to niy questions, stated 
that their sanitaiy condition was quite equal to that of field 
labourers. Ho explicitly denied the ridiculous stoi’y of men 
having been born in these mines, a.nd having gone through 
life without over mounting to the upper world.’ 

As fixr as explored, the salt-bed ocouj)ies a space of 9,000 
feet ill length and 4,000 in width, and consists of five suis- 
ccssive stages or stochwarlcs, separated from each other by 
intervening strata of from 100 to 150 feet in tliickuc'sa, a,nd 
reaching to a depth of 1,500 feet. ISTotwitlisiaiuUng tbe 
immense amount of salt already quarried from this wondc'rful 
dexiosit, wliich, according to authentic records, has hoou 
worked ever since the twelfth century, and perhaps even much 
earlier, it is estimated that, at the present rate of exploitation, 
the known supply cannot be exhausted und(n’ 300 years. 
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It is a. romarka'blo ciministaiiee that sonrcos of 
water are found in the mines, in elnst? proximity totlujsall— 
a circumstanec whicdi is owinfj^ to the laitt'r not forming a 
contimions stratium, hut h(*ing iinhcMhled in large? n(*Hts or 
insular inuHSi's in tins {(udiary clay of ilu? motmiain, ko that 
in S(‘verul phun'S the wa,tt‘r filtennng frtun the top is ahle to 
gush forth' in the subterranean galleries without any huHiu* 
admixture. 

In the summer of 18 G 8 a serious aceiihmt happened to the 
mines of Wielic'/ka, which at one time was suppoaed to 
threaten tluur total destruction. In tlu' hope of diseovunang 
vahiahle. potash salts, sudi as (reeur at Strassfuri, hi the 
vicinity of tlui rock-salt, a bold ng was imprudimtly atimupted 
at a great di'pth, through a eimtiguous ncpnfoinnm Hiraitun ; 
and the consequeneo was that, instead of mooting with the 
expected result, a powerful spring was tapped, which, pour- 
ing forth an inumniHO volume of wa,tm\ tilled th(‘ hover 
galleries. The inhabitants of tin? village of Wit-lie/kn., wliieh 
is situated above the mini's, were ierrifu'd, d'hey not only 
feared for the ruin of the mine, whieh alfordod thi'iu their 
chief means of suhsistmiei', hut dreaded also the faUing-in of 
their houses, in consequence, of the moiling of the Kali-pillars 
which upheld the Hooded galleries. 

Fortunately their fears proved to ho I'xaggeratod, us the 
inundation, which remained confined to the lower gallerii's, is 
now hiung rapidly subdued by means of powerfid st-eam- 
innnps, and measures have been tukc*n for blocking up the 
spring. Even supposing the wafor to have contimiod poll- 
ing in with uudiminished force, and withont any {'tfori being 
made to drti.in it off, the excavations are so vast that it would 
have taken many years to fill them. 

Besides the mines of Witdic'/.ka, Austria pitHHesses many 
other considerable deposits of rock-salt, in (hdlioia (Boehnia), 
Ilungarj^ and Transylvania. In Hab/.burg (Isobl, Halstuilfe 
Hall), Tyrol, and tdie neighbouring mines of Borohtt'sgudon, 
in Bavaritt,, the salt does not oconr in large solid inaHscs, tit 
to be at once extracted from tlm bosom of tbe enrtb, but 
imbues massi's of gypsum and anhydrite, wbich become 
quite light and porous when tlie salt bus bi'eu removed by 
water. As it would be too expensive to remove this com- 
pound, an ingenious method has been contrived for intro- 
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ducing -water into tlae mines from above, and drawing it oft 
again througb an adit or lower gallery as soon as it is satu- 
rated with salt. 

The brine tbns obtained at Bercbtesgaden is then conveyed, 
by means of pipes or conduits, to Reicbenball and Rosenbain 
■where the necessary fuel for its evaporation is near at 
band. The distance from Bercbtesgaden to Rosenbain is no 
less than thirty leagues; and between both places many 
high mountains, steep rocks, and narrow gorges intervene. 
The works which lead the brine over this distance, and 
through all these natural obstacles, may therefore justly be 
considered as a masterpiece of mechanical skill. As the pipes 
must often ascend mountains, the highest elevation above 
the pit being 1,218 feet, and then again slant down into 
ravines, as in many parts rocks had to be levelled and 
forests out down for the purpose of laymg them, and as they 
are 'Subject to frequent damage in a severe climate, it may 
easily be imagined that the greatest engineering power was 
required for the execution of so grand a work. 

Hydraulic machines serve to raise the brine over the 
mountains, a-nd the water-power of the rivulets descending 
from the heights is used for forcing it upwards. The con- 
trivance is SO admirable that the small machine at Berchtes- 
gaden raises 270 cwt. of brine to a height of 811 feet by 
means of an equal weight of water descending from a height 
of 375 feet. In some parts the tubes of this colossal duct 
run along the high road, in others tunnels have been pierced 
to shorten the distance. 

Thus the Alpine rock-salt requires much ingenuity to be 
rendered productive, while in other parts we find rock-salt 
cropping out on the surface of the earth, so as to be 
very easily worked. The soil of many extensive wastes in 
Asia and Africa is covered and impregnated with salt, 
which has never been inclosed by superimposed deposits. 
Near Lake Oroomiah, in Persia, it forms hiUs and exten- 
sive plains, and it abounds in the neighbourhood of the 
Caspian Sea. 

In the valley of Cardona in the Pyrenees two thick masses 
of rock-salt, apparently united at their bases, make their 
appearance on one of the slopes of the hill. One of the beds, 
or rather masses, has been worked, and measures about 130 
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yards "by 250, but its depth has not been determined. It 
consists of salt in a laminated condition, and with confused 
crystallisation. That part which is exposed is composed of 
eight beds, nearly horizontal, and having a total thickness of 
fifteen feet, but the beds are separated from one anotJier by 
red and variegated marls and gypsum. The second mass 
not worked appears to be unstratified, but in other respects 
resembles the former; and this portion, where it has been 
exposed to the action of the weather, is steeply scarped and 
bristles with needle-like points, so that its appearance has 
been compared to that of a glacier. 

The rock-salt deposit of Ilezk, about fifty miles to the 
south of Orenburg, in Russia, is still more remarkable- On 
the sides of a crater-like pit, which has been dug into the 
mass where it most nearly approaches the surface, the rock- 
salt is seen standing in perpendicular walls. On tlie west 
side of the gap a convenient staircase leads to the bottom. 
The salt is hewn in large square blocks, which are afterwards 
sawn into smaller pieces of eighty-five pounds. The regular 
annual produce is fixed by Government at 700,000 pud, 
or about 10,000 tons, of which part is furnished grahiitously 
to the neighbouring Kirghise hordes, who no doubt are 
made to pay dearly for their salt in some other manner. 

The labours in the mine are only carried on during the 
summer, and begin by pumping out the water which has 
settled at the bottom of the pit from the melting snow ; 
while the transport to the next river by means of sledges 
takes place during the winter. Were this mine situated in 
a less barbarous or more accessible country, it might easily 
rival, or even surpass, the produce of Cheshire. To the 
south of the pit, where the regular mining operations, such 
as they are, take place, a great number of old pits or holes 
may be seen, in which the Cossacks, Baschkirs, and Kirghise 
used to provide themselves with salt before Government 
undertook the regular working of the mine in 1754. These 
pits, some of which are sixty feet square, and from six to 
eight feet deep, are generally full of a saturated brine of a 
brownish colour, and are made use of for bathing by the 
Kirghise, who justly consider them as an excellent remedy 
for many diseases. 
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Before 1856 all the salt produced iu Prussia was ob- 
tained from brine-springs, but since that time enormous beds 
of rock-salt have been discovered in various parts of the 
kingdom. Those of Stassfurt, near Madgeburg, which ex- 
tend’over a surface of many square leagues, in a bed more 
than a thousand feet thick, produced 2,256,000 cwt. in 1866, 
find would alone suffice for the supply of the whole of 
Germany. Besides rock-salt, these mines contain also an 
inexhaustible quantity of highly valuable potash salts, which 
are largely used as artificial manures, and provide the mate 
rials for the numerous chemical manufactories which within 
a few years have converted an obscure hamlet into a flourish- 
ing seat of industry. At Speerenberg, about twenty miles to 
the south of Berlin, the earth-borer, though driven to a depth 
of 4,000 feet, has not yet reached the bottom of an enormous 
deposit of rock-salt, and at Segeberg, in the province of 
Sleswig-Holstein, a shaft is now being sunk for the purpose 
of working a rich bed of rock-salt recently discovered. 
Bailroads are constructing for the purpose of connecting 
this new source of wealth, which is destined to furnish salt 
to a great part of North Germany and Denmark, with the 
ports of Hamburg, Lubeck and Kiel, and thus in a few years 
fi hitherto unknown village will rank amongst the most 
thriving communities of Prussia. 

The method of preparing the rock-salt, and the processes 
employed in manufacturing salt from brine -springs, are 
nearly the same in all salt-works. The first process is to 
obtain a proper strength of brine, either by saturating fresh 
water with the salt that has been brought up from the mine, 
or pumping up the salt water from springs that have become 
saturated by j)assing through saliferous beds. The brine 
obtained in a clear state is put into evaporating pans and 
brought as quickly as possible to a boiling heat (in the case 
of strong brine 226° P.), when a skin is formed on the surface, 
consisting chiefly of impurities. This is taken off, and 
either thrown away or used for agricultural purposes, and 
the first crystals which form are likewise raked away and 
thrown aside as of little value. The heat is then kept up 
to the boiling point for about eight hours, dming which 
time evaporation goes on steadily, the liquid gradually 
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diminislimg, and the salt bemg deposited ; it is then raked 
out, put into moulds, and placed in a drying stove, to render 
it perfectly dry and ready for sale. 

When salt is to be prepared from the weak brines which 
are of common occurrence in France and Germany, the brine 
is concentrated by natural evaporation previous to the more 
costly application of artificial heat. Having been first raised 
by pumps, it is then allowed to trickle in a continuous 
stream down the surface of bundles of thorns exposed to the 
sun and wind, and built up in regular walls between parallel 
wooden frames. These evaporating works {Gradirwerlce, or 
graduation-houses) are frequently of an immense extent. 
At Salza, near Schonebeck, for instance, the graduation- 
house is 6,817 feet long, the thorn walls are from 33 to 
52 feet high in different parts, and present a total surface 
of 25,000 feet. According to the weakness of the brine, it 
must be the more frequently pumped up and. made to flow 
down repeatedly over the thorns in different compartments 
of the building. An immense quantity of fuel is sawed by 
this economical mode of evaporation. 

The origin of rock-salt deposits is one of the most in- 
teresting geological. questions. According to some authori- 
ties, they were the result of igneous agency, while others are 
of opinion that in every case they have been deposited from 
solution in water. Their usual occurrence in lenticular or 
irregularly-shaped beds, having a great horizontal extension, 
favours the aqueous theory, for masses protruded upwards, 
or sublimated by volcanic power, are generally found to 
occupy vertical fissures. To account for their formation we 
must suppose a sea such as the Mediterranean cut off by an 
elevation of the land at its mouth from its previous com- 
munication with the ocean, and gradually losing more water 
by evaporation than it receives by rain and rivers. As thus 
the amount of salt which it holds dissolved increases, de- 
posits of rock-salt will ultimately form at the bottom of its 
deepest parts, and subsequent changes in the earth’s surface 
may then either conceal them under superincumbent strata, 
as at North wich, or leave them exposed, as in many of the 
African or Asiatic wastes. 
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CHAPTER XXXV. 

SULPHTTE. 

Sulphur Mines of Sicily— Conflagration of a Sulphur Mine— The Solfataraa 
of Krisuvick — Iwogasima in Japan — Solfatara of Puzzuoli — Crater of Teneriflfa 
— ^Alaghez — ^Biidoshegy in Transylvania — Sulphur from the Throat oi Popo- 
catepetl — Sulphurous Springs — ^Pyrites — Mines of San Domingos in Portugal — - 
• The Baron of Pommorao. 

ThouQ-h in every volcanic region of the globe sulpbnrons 
exKalations arise from a great number of craters or solfa- 
taraSj yet sulphur is but rarely found in suf&cient quantities 
to remunerate the miner’s toil. In this respect the island of 
Sicily is nniivalled, for no other country possesses such masses 
of this valuable, and in many cases indispensable, mineral. 

The numerous sulphur-pits of Sicily, which occur in crevices 
or hollows over a space of 150 geographical miles, are situ- 
ated chiefly in the southern part of the island, in the districts 
between the sea-horder of the province of Girgenti and the 
mountains of Etna, Mannaro, Castro Giovanni, and Catolica. 
They are no doubt the produce of a vast volcauic action 
which took place about the beginning of the tertiary period, 
when the sulphurous fumes, rising through countless clefts 
or fumaroles from the mysterious furnaces of the deep, con- 
densed in the chalk and clay grounds of the superficial 
strata. 

In former times, as long as the chief use of sulphur was 
confined to the fabrication of gunpowder, its production 
was comparatively insignificant ; but since the manufacture 
of sulphuric acid has become a branch of industry of con- 
tinually increasing importance, sulphur, the ingredient 
necessary to its formation, has considerably risen in value, 
and now constitutes the chief article of Sicilian exportation. 
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Girgenti, the most important town on the south coast of 
the island — though its dirty miserable streets and its 15,000 
inhabitants form a melancholy contrast to the wealtli and 
luxury of ancient Agrigentum, within whose lofty walls a 
IDopulation of 800,000 souls is said to have existed— owes to 
the increase of the sulj)hur trade the slight dawn of pro- 
sperity which has enlivened it during these latter years. 

All the sulphur-pits in the south-west of the island send 
their produce to the port of Girgenti, and on every road one 
meets with long files of mules and asses loaded with sacks of 
sulphur. 

The grape disease, against which this mineral is every- 
where used in France and Italy as the only successful remedy, 
has given a new impulse to the sulphur trade by raising the 
price to about three times its former value. The merchants 
of Girgenti did not neglect this opportunity for making their 
fortunes ; for as soon as the grape disease became a national 
calamity for the chief wine-producing countries, they boiight 
up large tracts of sulphur-grounds, and thus acquired con- 
siderable wealth. 

A visit paid by Dr. Hackel * in 1859 to the sulphur puts 
near Girgenti proves that mining operations in Sicily arc 
still in the primitive condition described by all former tra- 
vellers. FTot even our commonest improvements are known ; 
the pickaxe and the spade are almost the only implements 
employed, and with these the earth is excavated in tho most 
slovenly manner, wherever a vein promises to be productive. 
The materials thus loosened from the rock are carried out of 
the mine in baskets and thrown into lai'ge heaps, from which 
the sulphur is extracted in the following wasteful mamun*. 
The conical mounds are covered with a mantle of moist clay, 
ill which some openings are left for the emission of the 
smoke, and set fire to at the bottom. The melted sulphur 
collects in grooves or channels, and hows into square forms, 
where it congeals into a solid mass. This method, which is 
said to have been first introduced by the Saracens, causes, of 
course, a great loss of sulphur ; but distilling ovens hcatcul by 
coal have been found too expensive to answer. Dr. Ildckul 
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traversed one of tlie longest excavations, wliick was some- 
times so narrow that he could only with difficulty pass, and 
tlien expanded into high vaults whose roof was ornamented 
with beautiful crystals of celestine and gypsum. The work- 
men were completely naked, on account of the oppressive 
heat which reigns in these pits ; and their dark brown skins, 
sprinkled with light yellow sulphur-dust, gave ‘them a very 
strange and savage appearance. Most of the inhabitants of 
Girgenti are at present employed in the sulphur mines, and 
comparatively few are engaged in cultivating the beautiful 
gardens and fields that extend from the foot of the town to 
the sea, and occupy the site where once the ancient city of 
Agrigentum rose from the shore to the terraced hills which 
are still crowned with the ruins of her colossal temples. 

On an average the sulphur-ores of Sicily yield about 
sixteen per cent, of brimstone, and the quantity annually 
psoduced has increased from 94,985 tons in 1851 to 184,173 
tons in 1866. Besides Girgenti, the chief ports from which 
sulphur is exported are those of Licata, Terranova, Sicu- 
liana, Palermo, Messina, and Catania. 

One of the most remarkable events in the history of the 
Sicilian sulphur mines occurred during the last century in 
the solfatara of Sommatino. This celebrated pit, which is 
situated on the precipitous right bank of the Salso Talley, 
took fire in 1787, through the negligence of the workmen, 
&nd as may easily be imagined from the inflammable nature 
of the materials, the conflagration caused the complete aban- 
donment of the pit. After two years, however, during which 
the fire raged incessantly, the mountain suddenly burst 
asunder on its south-eastern flank, and a stream of melted 
sulphur, gushing forth from the cleft, precipitated itself 
into the neighbouring river. This phenomenon, which was 
evidently caused by Nature having performed on a vast 
scale an operation similar to that by which the sulphur is 
usually extracted from the ore, produced a mass of the purest 
brimstone, amounting to more than 40,000 tons, so that 
the owners of the pit, who had given up their property 
as totally lost, became enriched by the very circumstance 
which had seemed to menace them with utter ruin. 

Next to •the sulphur mines of Sicily, those of Teruel a]id 
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Lorca iii Spain, wliieli in 1362 furnislied 12,639 tons, are 
the most considerable in Europe. The mines of Perticara di 
Talamella in Italy, annually yield about 4,000 tons ; and the 
Austrian sulphur-pits of Swoszowice near Oracovia and of 
Padohoy in Croatia, produced 1,867 tons in 1865. 

In all these mines the sulphur has beeii deposited or con- 
densed in tiihes long past, undoubtedly in the same manner 
as it is formed in the solfataras of the present day, where 
the decomposition of the volcanic gases on reaching the 
atmosphere causes the precipitation of sulphur. 

Most of these still active solfataras are unproductive in a 
commercial sense, either from their inaccessible position in 
the crater basins of enormous volcanoes, or from their situa- 
tion in remote deserts, or from the small quantities of the 
mineral forming on their surface. 

The solfataras of Krisuvich in Iceland, for instance, are 
separated from the nearest ports by such rugged hiva-hclds 
as to render the cost of transport an almost insurmountable 
obstacle to their being worked with profit. Biit though 
undeserving of the mercantile speculator’s attention, these 
northern sulphur-pits rank among the most striking natural 
wonders of Iceland.* 

The remote solfataras of Japan afford a more abundant 
supply. ‘ The sulphur,’ says Kampfer, in his history of that 
singular country, ^ is the produce of a small island which, 
from the great quantity it affords of this substance, is called 
“Iwogasima,” or the Sulphur Island. It is not above a 
hundred years since the natives first ventured to explore 
that desert spot, which, from the smoke rising from its 
surface, was previously supposed to be the abode of demons. 
At length a bold adventurer obtained leave to visit the 
dreaded island. He chose fifty resolute men to accompany 
him on his hazardous expedition, and on landing found*, 
instead of the fiends he expected to encounter, a ^volcanic 
soil, covered in many parts with thick deposits of sulphur, 
and emitting dense volumes of smoke from countless fuma- 
roles. Ever since that time the island yields a considerable 
revenue to the Prince of Satzuma.’ 

One of the most celebrated solfataras is that of Puzzuoli, 
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near Naples. It may be considered as a nearly extinguislied 
crater, and appears, by tbe accounts of Strabo and others, to 
have been before the Christian era in very much its present 
state, giving vent continually to aqueous vapours, together 
vt^itli "Sulphureous and muriatic acid gases, like those evolved 
by Yesuvius. This remarkable spot has attracted the atten- 
tion of naturalists and poets since the remotest antiquity, 
and Homer mentions it in his immortal narrative of the 
peregrinations of Ulysses. The process for the separation of 
the sulphur, which is condensed in considerable quantities 
amongst the gravel collected in the circle which forms the 
interior of the crater, is conducted in the following manner. 
The mixture of sulphur and gravel is dug up and submitted 
to distillation, to extract the sulphur; the gravel is then 
returned to its original place, and in the course of about 
thirty years is again so rich in sulphur as to serve for the 
same process once more. 

‘ The crater of the Peak of Teneriffe,’ says Leopold von 
Buch, ‘ is now but an immense solfatara. The sulphureous 
vapours which escape from every part of the vast cauldron 
decompose the rock, convert it into white clay, and cover it 
in many places with beautiful crystals of sulphur. By this 
constant chemical action the soil towards the centre of the 
crater has been rendered so soft that in many places great 
caution is necessary to avoid sinking into the yielding mass, 
which has a temperature higher than that of boiling water.’ 

A. remarkable sulphur formation occurs on the rocks sur- 
rounding the crater of the volcano Alaghez, situated in 
Northern Armenia. The sulphur is precipitated in thick 
crusts on their walls, and as the summit of the crater is in- 
accessible, the people of the neighbourhood, in order to 
collect the sulphur, fire at it with musket-balls, and pick up 
the fragments thus detached. 

Close beneath the summit of the Patuka, in Java, is a 
circular lake about fifteen hundred feet in diameter. The bor- 
ders are covered with a rich vegetation ; the water is clear 
and colourless, but appears yellowish from the reflection' of 
the sulphur which covers the whole bottom of the lake. In 
1818 Reinwardt fomid in this piece of water an islet com- 
pletely comjipsed of sulphur. 



44G 


THE SUBTEKEANEAN WOELT). 


Aftei' tlie eruption of the Taslieni IdjoiUj another Javanese 
volcano, in 1796, such quantities of sulphur were formed that 
several hundred shiploads could he gathered and exported as 
the produce of this single volcanic paroxysm. 

The mountain Budoshegy in Transylvania, exhibits the 
remarkable phenomenon of sulphur-caves. On entering one of 
these vast stibterranean crevices, incrustations of sulphur are 
seen to cover the lower part of the walls 5 but respiration is 
still easy and free. On advancing a few steps the air 
acquires a sharp acidulous taste, and the feet begin to feel a 
warmth which gradually increases to an intolerable heat. 
On advancing still further the lights are extinguished. A 
speedy reti’eat is necessary, and imprudent visitors have been 
known to pay for their curiosity with their lives. 

In the island of Milo there are likewise numerous cavornsy 
the walls of which are incrusted with sulphur and alum. 
A visit to these grottoes, which annu-ally yield about hve 
hundred tons of pure sulphur, is not without danger from 
the suffocating fumes that issue from their crevices. 

Some of the Arabian volcanoes also produce consideiniblo 
quantities of sulphur, such as the Dufan, which is called 
Djebel-el-Kebril, or ^ Sulphur Mountain,’ by the Arabs, and 
is mentioned in the writings of Herodotus. 

Though the craters of volcanoes are generally almost 
inaccessible, yet history mentions a curious instamte wliere 
the most extraordinary exertions were made for collecting 
sulphur above the regions of perpetual snow. During the 
wondrous campaign which ended in the overthrow of the 
empire of Montezuma, Cortez, being in want of powder, sent 
a party under Francisco Montano, a cavalier of determined 
resolution, to gather sulphur from the smoking throat of 
Popocatepetl, which rises, with its silvery sheet of everlasting 
snow, to the height of 17,852 foot above the level of the seiu 
After traversing the lower region— which was clothed wiih a 
dense forest, so thieldy matted that in some places it was 
scarcely possible to penetrate it— the track of the Bpaniarda 
opened on a black surface of glazed volcanic sand and of 
lava, the broken fragments of which, arrested in its boiling 
process in a thousand fantastic forms, opposed continual 
impediments to their advance. They now camo4o the limits 
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of peri^etual snow, where new .difficulties presented them- 
aelyes, as the treacherous ice gave an imperfect footing, and 
a false step might precipitate them into the frozen chasms 
that yawned around. To increase their distress respiration 
in these aerial regions became so difficult that every effort 
■was attended with sharp pains in the head and limbs. At 
length they reached the edge of the crater, which presented 
an irregular ellipse at its mouth more than a league in cir- 
cumference. A lurid flame burned gloomily at the bottom, 
sending up a sulphurous steam, which, cooling as it rose, 
was precipitated on the walls of the cavity. The party cast 
lots, and it fell on Montano himself to descend in a basket 
into this hideous abyss, into which he was lowered by his 
companions to the depth of four hundred feet ! This was 
repeated several times, till the adventurous cavalier had col- 
lected a sufficient quantity of sulphur for the wants of the 
army. 

Many mineral springs owe their medicinal properties to 
the hydrosulphuric acid which they contain, and whose de- 
composition frequently gives rise to the formation of sulphur. 
When the large marble slab which covers the imperial 
source at Aix-la-Chapelle is removed at the end of every 
twenty years, about two hundred pounds of sulphur are 
collected from the walls above the spring. 

Combinations of sulphur with metals, particularly with 
iron and copper (pyrites), occur in much more considerable 
masses and in a far greater number of localities than the 
pure uncombined mineral. Formerly the sulphides of iron 
(52-^ per cent, sulphur, 47|- per cent, iron) and copper 
served only for' the fabrication of vitriol and alum; hut since 
the progress of chemical science has aUoved them to he pro- 
fitably used for tbe manufacture of sulphuric acid, they have 
acquired a far greater importance. Our own mines, which are 
situated chiefly in the county of Wicklow, produced iu 1873 
58,924 tons of iron pyrites or mnndic, besides which an 
additional quantity of 620,347 tons of coppery pyrites was 
imported from Spain, Portugal, Norway, and other countries. 

In Southern Spain the mines of cupriferous pyrites — par- 
ticularly in the province of Hnelva, and in the Sierra de 
OCharsis, wlflch on account of the copper they contain were 
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already -worked in times aij-terior to the Boman oceupation, 
and give proof of their ancient importance by the vast di- 
mensions of their excavations — sent ns no less than 246,692 
tons in 1873. In Portugal the mines of San Domingos, in 
the province of Alentejo, likewise a,fford a remarkable 
example of the mining industry of the Romans, in the ancient 
adit which‘ served for draining the works. They merely 
used the ores that were richest in copper, and rejected the 
poorer qualities, which form the immense mounds of scoriae 
round the mouth of the excavations. After having been 
abandoned for many centuries the mines of San Domingos 
are once more diligen-fly worked. Their newly-acquired im- 
portance is due chiefly to the enterprise of Mr. James 
Mason, now Baron of Pommorao. A railroad nine miles long 
unites the mine with the left bank of the Guadiana, which has 
been rendered navigable for larger vessels for a length often, 
miles. Moreover the port of Pommorao has been excavated 
in the steep bank of the river for the convenient shipping of 
the pyrites. Before 1858 a solitary hermitage was the only 
dwelling at San Domingos, which is now a thriving village 
of flve hundred houses, with a handsome church and a rail- 
road station. The number of the workmen employed in 1866 
amounted to two thousand, and large works were being 
erected for the separation of the copper. In 1859 the pro- 
duce of these mines amounted to 7,887 tons, and in 1873 
they exported 199,559 tons to England. Such are the 
wonderful changes which can be brought about when the 
right man finds the right place for the employment of his 
energies. Prance produced in 1866 about 100,000 tons of 
pyrites, Prussia 38,248 tons, and Belgium 28,956 tons, so 
that the total production of Europe now probably amounts 
to more than a million tons. In Canada the ore of a vast 
deposit of pyrites is exported to the United States, where it 
serves for the fabrication of sulphuric acid. Thus a sub- 
stance scarcely noticed twenty years ago has become an 
important article of commerce in both hemispheres. 
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AMBBB. 

Various JModes of its Collection on the Prussian Coast — ^What is Amber ? The 
extinct Amber Tree — Insects of the Miocene Period inclosed in Amber — ^For- 
midable Spiders— Ancient and Modern Trade in Amber. 

A MBEE is a resinous substance, the produce of extinct 
forests that now lie buried in the earth or under the 
bottjom of the sea. 

It is found abnndantly on the Prussian coast of the Baltic, 
where it is collected in many ways. After stormy weather 
it is frequently cast ashore by the surf, or remains floating 
on the water. The amher-fishers, clothed in leather dresses, 
then wade into the sea, and secure the amber with bag-nets, 
hung at the ends of long poles. They conclude that much 
amber has been detached from its bed when they discover 
many pieces of lignite floating about. In some parts the 
faces of the precipitous cliffs along the shore are explored in 
boats, and masses of loose earth or rock, supposed to contain 
the object of search, are detached with long poles having iron 
hooks at their ends. It is also dredged for on an extensive 
scale at the bottom of the Frische and Curische Haffs, and 
further inland large quantities are dug up out of the earth. 
That which is washed ashore generally consists of small 
pieces, more or less damaged, while the specimens obtained 
by digging or dredging are frequently of large size and of a 
tuberous form, so that, though inferior in quantity to the 
former, their value is probably ten times greater. 

Digging for amber is a favourite ijursuit of the peasantry ; 
and though in many cases it proves unsuccessful, yet some- 
times it is highly remunerative. Near the village Kowall, a 
few miles froiA Dantzig, avenues of trees were planted a few 
G G 
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years back along tbe bigh road. On digging one of tlic 
holes destined for their reception, a ricli amber nest -was 
fonnd. Tavourable signs induced the landowner to persevere 
in digging, and at length, at a depth of about thirty feet, such 
rich deposits of amber were fonnd as enaToled him to pay olf 
all the mortgages on his estate. 

The territories where amber is found extend over Pomerania 
and East and West Prnssia, as far as Lifhuania and Poland, 
bnt chiefly in the former provinces, where it is found almost 
uniformly in separate nodules in the sand, clay, or fragments 
of lignite of the upper tertiary and alluvial formations. It 
also occurs in the beds of streams, and in the sand-banks of 
rivers. How far its seat may extend under the Baltic is of 
course unknown. Amber is likewise met with on the coast 
of Denmark and Sweden, in Gallicia and Moravia, nesir 
Christiania in Norway, and in Switzerland, near Basle. It 
is occasionally found in the gravel-pits near London,^ and 
specimens have been dug up in Hyde Panl:. At Aldborough, 
after a raking tide, it is thrown on the beach in considerable 
quantities, along with masses of jet. 

On the Sicilian coast, near the mouth of the Hiver Giaretta, 
many pieces of a peculiar blue tinge are collected and sent to 
Catania to be cut and polished. 

Single pieces and even large deposits of amber are said to 
have been discovered on the coasts of the Caspian Sea, in 
Siberia, Kamtschatka, and China, in ISTorth America and 
Madagascar. These accounts, however, require confirmation, 
as several other fossil or non-fossil resinous substances so 
strongly resemble amber as to have deceived even well- 
informed naturalists. 

What is this substance, and how has it been produced P 
There is now no longer any doubt that, like other vegetable 
resins, it has been secreted by trees which have long since 
disappeared from the surface of the earth, but once formed 
extensive forests on the islands or shores of the vast sea 
which at that time covered the plains of Northern Europe 
as far as the foot of the Ouralian chain. 

How those islands disappeared, and how those primeval 
forests came to be buried under land and sea, becomes 
apparent from the changes that have taken'' place in the 
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Soutli Baltic lands since tlie last two thousand, years in con- 
sequence of partial upheavings and. subsidences. According 
to the oldest Prussian chronicler, Peter of Duesburg, whose 
narrative begins with the year 1226, the waves of the Baltic 
at that time reached as far as the present town of Kuhn, 
and a century later vessels sailed as far as Thorn. The 
present delta of the Yistula was a shallow morass, ddtted here 
and there with a flat island, and continued in that state 
until towards the end of the thu’teenth century, when dykes, 
raised by the industry of man, prevented the constantly 
recurring inundations of the river, and converted gloomy 
swamps into fertile meadows. 

In other parts we find the sea incroaching upon the land. 
Since the times of the Teutonic Order a whole province be- 
tween Pillau and Balga has been submerged by the floods of 
the Prische Haff 5 and the first Christian church in Prussia, 
originally built five miles from the sea, now stands close to 
the shore. Dense fir-forests rose in gloomy monotony, but a 
thousand years back, whe; e now the Baltic rolls its waters ; 
and where at that time ships lay at anchor, we now find 
hillocks of sand. After such changes in comparatively so 
short a time, we cannot wonder that the islands of the amber 
period should have been replaced by other lands and another 
sea. 

We are indebted for the first accurate observations on the 
nature of the amber-tree to Professor Goeppert, who proved, 
by the microscopical examination of the cells of fossil pieces 
of wood that were veined or streaked with amber, and thus 
evidently had secreted the resin, that they proceeded from 
several coniferse, belonging to the extinct genus Pinites. 

In many of our pines and firs we frequently find between 
the annual rings crevices or interstices filled with resinous 
matter, .but far less abundantly than in the amber- trees. 
The only existing coniferous plant that can in any way be 
compared to them is the Dammara australis, of Kew Zealand, 
at the base of whose trunk masses of resin, weighing twenty 
or thirty pounds, are frequently found. In Brazil Von 
Martins often saw similar lumps at the foot of the copal- 
tree, which dropping from the trunk had collected in con- 
siderable masses between the roots, thus showing that the 
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large rounded or globular pieces of amber must have been 
formed in tbe same manner, while the thin and flat straight 
or cnpuliform pieces were moulded upon the rind, or between 
the annual rings of the tree. 

When we consider the abundant secretion of the amber- 
trees, and the numberless ages during which they may have 
flourished, we cannot wonder that, since the oldest historic 
times, every violent storm which stirs up the ancient forest- 
grounds at the bottom of the Baltic casts the valuable fossil 
ashore, and that in all probability future generations will 
still be able to collect it in undiminished quantities. 

Interesting in itself, amber acquires a still greater scien- 
tific importance through the remains of extinct plants and 
animals which are found imbedded in its substance, as in a 
transparent shrine. As, in 
the present day, many a 
luckless fly is caught in 
the recently secreted resins 
of the coniferae and hymen- 
ese, thus also amber, while 
still hi a semi-fluid state, 
became the tomb of nume- 
rous insects and spiders. 
So wonderful is their pre- 
servation that they seem 
to hare lived but yesterday, 
and yet how many millen- 



niums may since have 
passed away ; for although the amber formation belongs to 
the miocene period, and is consequently of modern date when 
compared rritli tHe forests of the coal-formation, we still are 
separated from it by a vast series of ages. 

The extinct organic world which is thus beautifally re- 
vealed to ns so greatly resembled the present vegetable 
and animal creation that, on a superhoial examination of 
the fossil remains contained in a rich amber coUeotion, one 
won ar y suppose them to be anything very nneommon. 
tie unlearned observer who connects the idea of a past 
world with grotesque or gigantic forms, shakes his head with 
an incredulous smile, and thinks that he has often seen 
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similar flowers ‘blooming in the fields, or met witli similar 
insects in tlie forest. Even the naturalist is uncertain, until 
a closer inspection teaches him that each of these so wonder- 
fully preserved plants or animals possesses some distinct 
characteristics which widely distinguish it from the analogous 
' forms of the present day. 

Of the plants of the coal period we find not a single one 
existing in the Amber Eorest ; the vegetation is much more 
complicated and various in its aspect; and the numerous 
coniferase indicate a climate similar to that of the present 
northern regions. But arboreal growth was by no means 
confined to the coniferase., for evergreen oaks and poplars 
flourished along with them. 

Heath plants, chiefly belonging to genera similar to 
Andromeda, Kalmia, Bhododendron, Ledum, and Vacdnium, 
as testified by numerous leaves, formed the underwood of 
these forests — a vegetation similar in character to that of the 
Alleghany Mountains. 

The deep shade of these primitive woods prevented the 
evaporation of water, the ground remained damp and swampy, 
and the mouldering leaves produced a thick layer of humus ; 
on which flourished, no doubt, a dense cryptomagous vegeta- 
tion, as well-preserved ferns, mosses, Hchens, confervse, and 
small mushrooms (partly growing as parasites on dead in- 
sects), sufiiciently testify. 

But the vegetable remains of that ancient period are flir 
surpassed in variety and number by the embalmed relics of 
the animal creation. Among 2,000 specimens of insects 
collected by Dr. Berendt, to whom we owe the best mono- 
graph on amber, this naturalist found more than 800 
different species. 

Elies, phryganem, and other neuroptera, Crustacea, mille- 
pedes and spiders, blattidse in every phase of development 
beetles, bees, and a large variety of ants, show a great simi- 
larity to the insect life of the present day, and justify the con- 
clusion that the contemporaneous animal forms, whose size 
or peculiar habitat prevented their being embalmed in amber, 
were comparatively no less abundant. 

Whether jnan already existed at the time of the amber- 
formation is a question which, of coinse, could only be 
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tliorougHy settled by tlie discovery of some specimen of 
Tinman workmanship imbedded in the fossilised resin. At all 
events, the amber-rings of rude workmanship which have 
been found at a considerable depth below the surface, of the 
earth, along with rough pieces, sufficiently prove that man 
must have been a very old inhabitant of the Baltic regions, ’ 
for those remarkable specimens of his unskilled industry 
have evidently preceded the catastrophe which buried the 
rough amber under the earth, and must have been exposed 
for the same lapse of time to the influences of the soil, as 
they are all found covered with the same dull and damaged 
crust. 

That birds enlivened the amber-forest might well have 
been supposed, as there was no want of fruits and mealy 
seeds for their subsistence; but their existence is proved 
beyond all doubt by a feather which Dr. Berendt discovered 
in a piece of pale yeUow transparent amber. To what hird 
may this remarkable relic of the past have belonged, and 
when may the wing to which it was attached while living 
have cleaved the air ? 

No fish or reptile has ever yet been found in amber, 
however frequently fraud may have attempted to imbed 
them in a resinous case for the deception of ignorance. It 
is, indeed, hardly conceivable that the finny and agile in- 
habitants of the waters could ever have allowed themselves 
to be caught in the resins of a terrestrial forest, though 
some small and less active reptiles may occasionally have 
been entrapped. 

Of all the insects and spiders, and the more rare crusta- 
ceans inclosed in amber, not a single specimen belongs to a 
species of the present time ; but though the species have 
disappeared, almost all the animals of those primitive woods, 
as far as they are known, belong to genera of the present 
time; so that upon the whole, the proportion of the still 
flourishing genera to such as are extinct is as eight to one. 

It is remarkable that, along with many specimens similar 
to the present indigenous types, some are found with a tropi- 
cal character, whose representatives are at present existing 
in the Brazilian forests, while others are completely without 
any analogous forms in the present creation ; as" for instance, 
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liliose strange Arclinidans, xue Archasi, which, armed with 
toothed mandibles longer than the head, and provided with 
strong raptorial claws, must have been most formidable 
enemies to the contemporaneous insects. 

Amber was held in high estimation by the nations of 
antiquity, and reckoned among the gems on account of its 
rarity and value. Ornaments made of this substance have 
been found among the vestiges of the lacustrine dwellings of 
Switzerland, and afford a convincing proof that even in pre- 
historic times it was an article of commerce. Many centuries 
before the Christian era the Phoenician navigators purchased 
amber from the German tribes on the coast of the North Seaj 
these, in their turn, having obtained it, probably by barter, 
Irom the Baltic lands. Thus from hand to hand the beauti- 
ful fossil resin found its way to the courts of the Indian 
princes on the Ganges, and of the Persian kings in Susa and 
Pejsepolis. According to Barth,*^ the search for the Ambei 
Land was most probably the aim of the journey which the 
celebrated traveller Pytheas of Massilia undertook 330 years 
before Christ, in the times of Alexander the Great. 

Plato and Aristotle, Herodotus and JEschylus, have de- 
scribed and lauded in prose and verse the wonderful properties 
of amber, which was not only highly valued for its beauty, 
its aromatic smell, and its electro-magnetic power, but also 
for the medicinal vii'tues ascribed to it by a credulous age. 

Under Nero the wealthy Eoman senators and knights 
lavished imtnense sums on decorating the seats and tables, 
the doors and columns, of their state rooms with amber, 
ivory, and tortoiseshell ; and even at a later period, under 
Th(X)dosius the Great, when the declining empire was already 
verging to its fall, large quantities still continued to he 
imported from Germany. 

Though no longer so highly prized as by the ancients, 
amber still continues to be a source of considerable profit to 
the Baltic provinces. Almost all tbe amber collected 
throughout the laud finds its way to the seaports of Konigs- 
Ixng and Dantzig, whore it is sorted according to its size 
and quality. Good round pieces of a shape fit to be worked 
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into ornaments, and weigliing about balf an ounce, are worth 
from nine to ten dollars per pound ; a good piece of a pound 
weight fetches as much as fifty dollars; and first-rate 
specimens of a still more considerable size, and faultless in 
form and colour, are worth at least one hundred dollstrs, or 
even more, per pound. A mass weighing thirteen pounds 
has been found, the value of which at Constantinople was 
said to be no less than 30,000 dollars. Smaller pieces, from 
the size of a bean to that of a pea, such as are fit for the 
beads of necklaces or rosaries, are valued at from, two to four 
shillings per pound, and the grit or amber rubbish which is 
used for varnishing, fumigating, or the manufacture of oil 
and acid of amber, is worth no more than from three to 


eighteen pence. It is much to be regretted that amber, 
when melted or dissolved, is incapable of coalescing into 
larger masses with the retention of all its former qualities, 
as then its value would be considerably greater. Lai;go 
amber vases would then ornament the apartments of the 
wealthy, and the corpses of the illustrious dead might repose 
in transparent shrines, and their features be preserved from 
decay for many ages. 

The trade in rough amber is almost exculsively in the 
hands of the Jews, who purchase it from the amber-fishers, 
or are interested in the diggings which are made on most 
of the littoral estates. Through the agency of the smaller 
collectors, it is then concentrated in the hands of the rich 
traders, who sell or export it in larger assortments. 

The best qualities only of translucent, milky, or semi- 
opaque amber, find a ready sale in the Oriental market, 
where they are almost exclusively used for making the 
mouth-pieces to pipes, and these form an essential consti- 
tuent of the Turkish tschibouque; forthei'e is a current belief 
among the Eastern nations that amber is incapable of trans- 
mitting infection. 
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of Coponlia.gen and London to China, Jaj^an, and to tlio East 
and West Indies. 

liiissia also consumes a considerable quantiij of amber, 
which is very elegantly turned or manufactured in St. Peters- 
burg ilnd PoJangen, and thence finds its way over the whole 
empire. Here, as among the Turks, only the translucent 
and perfectly opacpie white qualities arc eslocmed*; the latter 
being chiefly employed for the inanufacturcj of the calculating 
tables which are commonly used by the Itussian morel i ants. 
Necklaces of transparent amber are in great rc'qui'st among 
the penaatitry of ILuiovor and Brunswick, where strings of 
pale-coloured crystalline beads weighing from half a pound 
to a pound are worth from fifty to sixty dollars. 

Amhcr of a dec^per colour anti of a rounded form is chiefly 
exported to Spain, Prance, and Italy, 

Thus each country chooses according to its taste among 
th^j abundant ambor-masst^s which extinct forests furnish to 
the inhabitants of the Baltic coast-lands, and which trade, 
through a hundred known and unknown channels, scatters 
over the whole siudaco of the globe. 
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CHAPTER XXXVII. 

MISCELLAKEOUS MINERAL SUBSTANCES USED IN THE 
INDUSTRIAL ARTS. 

Ahim — Alnm Mines of Tolfa — Borax — ^The Suffioni in the Florentine Lagoons — 
China Clay : how formed—Its Manufacture in Cornwall — ^Plumbago — Emery 
— Tripolite. 

A LXJM^ a double salt, consisting of sulpbate of alumina 
(tbe peculiar eartb of clay) and sulpbate of potash, pr 
sulphate of alumina and sulphate of ammonia, was known to 
the ancients, who used it in medicine, as it is now used, and 
also as a mordant in dyeing, as at the present day. Their 
alum was chiefly a natural production, which was best 
and most abundantly obtained in Egypt. In later times 
Phocis, Lesbos, and other places, supplied the Turks with 
alum for their magnificent Turkey red; and the Genoese 
merchants imported large quantities from the Levant into 
Western Europe for the dyers of red cloth. In 1459 Bartho- 
lemew Perdix, a Genoese merchant who had been in Syria, 
observed a stone suitable for alum in the Island of Ischia, 
and burning it with a good result, was the first who intro- 
duced the manufacture into Europe. About the same time 
John di Castro learnt the method at Constantinople, and 
manufactured alum at Tolfa. This discovery of the mineral 
near Civita Vecchia was considered so important by John di 
Castro that he announced it to the Pope as a great victory 
over the Turks, who annually took from the Christians 
300,000 pieces of gold for their dyed wool. The manufacture 
of alum was then made a monopoly of the Papacy ; and in- ’ 
stead of buying it as before from the East, it was considered 
a Christian duty to obtain it only from the States of the 
Church. With the progress of Protestantism, however, the 
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TiianiifactTii’e began to spread, to other countries. Hesse- 
Oassol began to make alum in 1554, and in 1600 alum-slate 
was found near Whitby in Yorkshire. 

Alum-stone is a rare mineral, which contains all the 
clonients of the salt, but mixed with other matters from 
which it must be freed. !For this purpose it is first calcined, 
then exposed to the weather, in heaps from two' to three feet 
high, which are continually kept moist by sprinkling them 
with water. As the water combines with the alum, the 
stones crumble down and fall eventually into a pasty mass, 
which must be lixiviated with warm water, and allowed to 
settle in a large cistern. The clear liquor on the surface, 
being drawn off, is to be evaporated and then crystallised. A 
second crystallisation finishes the process, and furnishes a 
marketable article. Thus the Roman alum is made; but its 
production being far from enough for the supply of the 
vHorld, the greater portion of the alum found in British 
ciommerce is made from alum-slate and analogous minerals, 
which contain only the elements of two of the constituents, 
namely, clay and sulphur, and to which, therefore, the alka- 
line ingredient must be added. 

Borax, or Borate of Soda, is a substance extensively used 
In the glazes of porcelain, and recently in the making of the 
most brilliant crystal when combined with oxide of zinc. 
Formally its chief supply was obtained under the name of 
Tincal, from Thibet, where the crude product was dug in 
inassos from the edges and shallow parts of a salt lake ; and, 
ill the course of a short time, the holes thus made 'were again 
filled. Crude borax is also found in China, Persia, the 
Island of Ceylon, and in South America ; but at present by 
far the largest quantity used in commerce is derived from 
tho lagoons of Tuscany, where vapours charged with a 
minute quantity of boracic acid rise from volcanic vents. 

Before tho discovery of this acid, in the time of the Grand 
Duke Leopold I., by the chemist Hoeser, the fetid odour 
developed by the accompanying sulphurretted hydrogen gas, 
and the disruptions of the ground occasioned by the appear- 
ance of new suflioui or vents of vaxiour, had made the super- 
Btitioiis natives regard them as a diabolical scourge, which 
ilu'y vainly sought to remove by priestly exorcisms ; but since 
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1818 tlie skill, or ratker tlip industrial genius, of Count 
Larderel, originally a simple wandering mercliant, kas ren- 
dered tkese once abhorred fugitive vapours a source of pros- 
perity to tke country, and were tkey to cease, all tke saints 
of tke calendar would be invoked for tkeir return. 

By a most ingenious contrivance tke waters wkick kave 
been impregnated by tke volcanic streams are concentrated 
in leaden reservoirs by tke keat of tke vapours tkemselves. 
Tke liquid, after kaving filled tke first compartment, is 
diffused very gradually into tke second, tken, into tke tktrd, 
and successively to tke last, wkere it reackes suck a state of 
concentration that it deposits tke crystallised acid, wkick tke 
workmen immediately remove by means of wooden scrapers. 
As tkis mode of gradual concentration requires very few 
bands and no artificial keat — a circumstance of great import- 
ance in a country without fuel — it may almost be said tkat 
tlie acid is obtained without expense. Tke produce of 
tke lagoons amounts to more than 2,000 tons annually. 

China-clay, or kaolin, a substance largely used for the 
fabrication of porcelain and in paper- making, is quarried 
from amidst tke granitic masses of Dartmoor and Cornwall. 
It results from tke decomposition of felspar, tke chief con- 
stituent of granite, and is thus, to a certain point provided 
by nature. As it is, however, mixed with many grosser 
particles, it requires repeated washings in a series of small 
pits or tanks, until finally the water, still holding in sus- 
pension tke finer and purer china-clay, is admitted into 
larger ponds. Here tke clay is gradually deposited and the 
clear water on tke surface is from time to time discharged 
by plug-holes on one side of tke pond. Tkis process is con- 
tinued until, by repeated accumulations, tke ponds are filled. 
Tke clay is tken removed to large pans about a foot and a 
half in depth, wkere it remains exposed to tke air until it is 
nearly dry— a tedious operation in oxir damp climate, as 
during tke winter at least eight months are necessary, whilst 
during tke summer less than half tke time sufllces. 

When tke clay is in a fit state it is cut into oblong masses 
and carried to tke drying-house, a shed the sides of wkick 
are open wooden frames constructed in tke usual way for 
keeping off tke rain, but admitting the free pass%e of tke 
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a,ir. Tlio clay tlms prepared is next scraped perfectly clean, 
and is then pn.cked np into casks and carried to one of tlie 
adjacent ports, to be skipped for tlie potteries or tlie papoi 
nmnufantorics. It is of a beautiful and nniforin wbiteness, 
and* is perfectly smootli and soft to the touch. 

CHiina-elay is an imports, nt article of commerce. The pro- 
dneiion of Oornwall and Devonshire amounted in 1873 to 
180,197 ions, and it is reckoned that more than 300,OOOL is 
annually Hptnit in (lornwull in obiaininpf and preparing it. 

Ah in our times no branch of industry remains unim- 
proved, a machine has recently been invented which greatly 
n.cccl(5rates the drying. The lumps of china-clay are placed 
in the compartmoiits of the drying machine, and the whole 
iH tlum restated with groat velocity. Thus the water is 
thrown off hy the opemtion of the centrifugal force, and two 
tons of (day can he dried in five minutes. 

The rcunarkahle contrast between the extreme hardness 
and softness of the same primitive rock is a curiosity of 
g(‘ology well woviih notice. ‘'A stone,’ says the author of 
* Oornwall and its Mines,’ is primovally fused and cooled into 
a,s luird a Hiibsianee as nainro affords j so bard that it paves 
our Hi,r(MdH in long enduring slabs and blocks. Tons of 
ibouHatuls of had, ]»aH.siug daily ovc.t it make no impression 
upon it. Years of tra,vtd only see it smooth and shining. 
The men who pass over it pass away, but it is still diirablo 
and unsefitminl. Halls and mansions, clubs and palaces, 
are built of it, and it endures unmarked by Time’s devouring 
fooib. Is it not adamantine? But lo ! what is that elegant 
en]> from which you arc sipping your toa? It is of Worcos- 
tershiiHi china, fine and almost pellucid. Well, it is made 
out, of tht‘ soft ruins of thu,t very granite whose cndimmco is 
proverbial. How nnnarkahle that the beat tyiios of firmness 
and fragility should h(' found in the same stone 1 What the 
immensti billows of the Athuitie are now heating upon, at the 
T^imrs End, withoni effee.t, that very substance has been 
fmind in sueb a friable natural condition as to bo fimilly 
moulded into tluii vaHo which stands, elegant and admired, 
upon your mantlepitaus and which one puff of wind, or one 
whirl of a lady’s Hilk dr(‘SM, would dash down into innumer- 
able and winumdabh* fragnumtH.’ 
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Valuable kaolins are likewise found in China and Japan, 
in Saxony and France; but the production is nowhere so 
extensive as in Cornwall. 

The best quality of Plumbago, graphite, or black-lead, 
from which the finest lead-pencils were made, was formerly 
abundantly supplied by the mine of Borrowdale m Cumber- 
land. At one time as much as 100,000^. was realised in a 
year, the plumbago selling at forty-five shillings per pound. 
Its high value, however, proved a source of loss to the pro- 
prietors, for robbery found here a most profitable field. Even 
the guard stationed over it by the owners was of little avail 
against determined thieves, for about a century ago a body 
of miners broke into the mines by main force, and held pos- 
session of them for a considerable time. The treasure was 
then protected by a building consisting of four rooms upon 
the ground floor, and immediately under one of them is the 
opening, secured by a trap-door, through which alone work- 
men could enter the interior of the mountain. The mine 
has now, however, not been worked for many years. Its 
‘nests’ of plumbago seem to be exhausted, and it is no longer 
an object capable of exciting greed, or w^orthy of anxious 
protection., At present the mines of Batougal, near Irkutsk 
in East Siberia, furnish large quantities of graphite of tbo 
very best quality ; and the plumbago from Ceylon is likewise 
highly esteemed. Inferior qualities — employed for counter- 
acting friction between rubbing surfaces of wood or metal, 
for making crucibles and portable furnaces, for giving a 
gloss to the surface of cast iron, &c. &c. — are supplied by 
Lower Austria, Bohemia, Bavaria, Ticonderago in the State 
of New York, New Jersey, Arendal in Norway, Finland, 
&c. &c. 

The name black-lead applied to plumbago, from its resem- 
bling lead in its external appearance, is very inappropriate, 
as not a particle of that metal enters into its compositioTi. 
Plumbago might indeed more justly be called black-diamond, 
tor, consisting, in its pure state, of carbon, it is consequently 
but another form of the chief of precious stones. 

The beautiful oriental ruby has likewise a humble cousin 
among the useful minerals, as it is identical in composition 
with Emery, which, since the remotest antiquity, has been 
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employed for tlio g-riuding of metals and glass. Emery was 
formerly almost exclusively fanii’shod by tlie island of Naxos ; 
but siiKje 1847 now mines have boon discovered in some other 
isles of the Grecian Archipelago, and in the neighbourhood 
of Smyrna, from which place it is now imported in large 
quantities. In 1850 the total production of the Eas^ 
amounted to 1,500 tons. In 1BG4 a considerable mine of 
emery was discovered at Chester (Elampden County, Massa- 
(‘huH('tts), and — as might be expected in a country where none 
of the gifts of nature are allowed to be wasted— already pro- 
vides for the wants of all the manufactories of the "United 
States. 

Tripolite, a mineral related to the precious opal, as it 
consists almost entirely of silica, is likewise used for polish- 
ing stones, motals, and glasses. Its composition is truly 
remarkable, as it is actually formed of the exuvise, or 
rather the flinty envelopes of diatoms, which belong to the 
minutest forms of vegetable life. They are recognised with 
such distinctness in the microscope that the analogies be- 
tween them and living sx)ecies may be readily traced, and in 
many cases ilioro are no appreciable differences between the 
living iiiul the petrified. As every cubic inch of tripolite 
contains millions of those oxnvico, and the stone not seldom 
ocenrs in deposits often many miles in area, imagination is 
at a loss to conceive tbc innumerable multitudes of organised 
atoms whose flinty remains have been piled up in these masses 
of hard rock. 



4G4 


THE SUBTERRANEAN WORLD. 


CHAPriR XXXVTII. 

CELEBRATED QUABRIEB. 

Carrara — Tho Poiitclikon^ — Tlio Parian QuarrioR — R ohso antico and Vcmlc'antico-^ 
Tho Porpliyry of Elfdnl— Tho Gypsum of Montmartro— Tho Alahastc^r of Vol- 
tcrra — Tho Slato Quarries of "Wales — ‘PriucesHes’ and * I)ueh(*SHe«*— ‘ I^idies* 
and * Pat Ladies ’—St. Peter’s Mount near Maestri cht— Egyptian Quamos— 
Haggar Silsilis — Tho Latomiso of Syracuse —A Triumph of I’oetry. 

B esides mctals, and tlie Tarions minerals mentioned in 
the previons chapter, the solid earth-rind fnrniBhes an 
inexhaustible supply of marbles, slates and sioties, for 
building or paving; and their extraction occupies a vast 
number of industrious hands. 

In a popular work on geology, published some years ago, 
Mr. Burat informs us that about 70,000 persons were em- 
ployed in the 18,000 more or less important quarries at that 
time worked in France, and that the produce of their labour 
amounted to a value of more than BjOOOjOOOL 

There can be no doubt that the quaiTies of England or 
Germany are at least equally productive, and thus a very 
moderate estimate leads las to tho conclusion that 
quarries of Europe — from those which furnish the costliest 
marble to those which yield the commonest building-stone— 
employ at least half a million of workmen, and produce a.n 
annual value of no less than 1 2,000,0001— a sum which is 
probably doubled or trebled before tho henwy materialH can 
be placed in the hands of the consumer. A land riblunl with 
stone, like England, has tlierofoi'C a eonsidenihb^ advantage 
over a flat alluvial plain like riolla-nd, as it in its 

rocky foundations a source of wealth wliich uuiure lum dtmitMl 
to the latter- 

Though several other stones, such as granite and porphyry, 
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are susceptible of a fine polisbed^surfaee, and serve for the 
decoration of palaces and cburclies, yet marble or pure 
compact limestone is cbiefly used for ornamental purposes, 
botb. on account of its beautifully variegated tints, and its 
inferior hardness, which allows it to be more easily worked. 
Our Derbyshire and Devonshire quarries supply a great 
variety of richly coloured marbles ; but the best material 
for the sculptor is supplied by the limestone mountains 
of Carrara, which furnish a homogeneous marble of the 
purest white, with a fine granular texture, resembling 
that of loaf sugar. These far-famed quarries, which were 
worked by the ancients, having been opened in the time 
of Julius Caesar, are situated between Spezzia and Lucca, 
in the Alpe Apuana, a small mountain-group no less re- 
markable for its bold and sharp outlines than for its 
almost total isolation from the monotonous chain of the 
Apennines, from which it is separated by a wide semi- 
circular plain. Where the Alpe Apuana faces the sea, it is 
chiefly formed of magnesian and ghmmer slate, in which 
large masses of limestone are imbedded ; but the more inland 
part of the group belongs entirely to the limestone forma- 
tion, and abounds in romantic scenery and noble peaks 
towering to a height of six thousand feet above the level 
of the sea. Towards its north-western extremity rises 
Monte Sacro (5,200 feet in height), the famous i^rble 
mountain on whose slopes are scattered the quarries to 
which the small town of Carrara owes its ancient and world- 
wide celebrity. 

The quarries themselves by no means afford an imposing 
sight, as they are mostly small, and very badly worked ; but 
it is interesting to watch the transport of the huge blocks of 
superb material from the various glens in which the quarries 
are situated, while the numerous water-mills for cuttmg or 
polishing the marble enliven the whole neighbourhood. 

In the town of Carrara numerous sculptors are constantly 
employed in rough-hewing the marble into various forms, 
such as capitals, friezes, busts, &c., &c., in order to dimmish 
the cost of transport, or to discover faults m the stone before 
it is shipped. There are also shops where marble trinkets or 
ornaments ar% exposed fof sale ; but Florence, Leghorn, and 

H H 
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Genoa are tJie cliief dep6ts of rearly-made marble articles, 
snob as vases, urns, sculptured cMmnej-pieces, and copies of 
renowned statues. Different kinds of fruit are also executed 
in marble, and witb the aid of coIoult made to imitate nature 
so closely as to deceive the eye. 

In Carrara the inferior qualities of marble are used for 
building and paving, as it is here the cheaj)est material. The 
window and door-frames, the flooring and the chimney-slabs, 
in even the meanest houses, are made of marble, and form a 
striking contrast to the squalid poverty of the remainder of 
the furniture. 

The quarries which furnished the material for the Jfiiiest 
works of the Grecian chisel partake of the interest which 
attaches to every vestige of ancient art. 

About eight miles to the north of Athens rises the Pente- 
likon, or mount Penteles, from whose flanks was excavated 
the marble that served for the construction of the Parthenon, 
of the Temple of the Olympian Zeus, and of the other match- 
less edifices of the Athenian Acropolis. No other quarries 
in the world can boast of their material having undergone a 
more beautiful transformation, for never has marble been 
more highly ennobled than by the genius of Phidias ! The 
ancient roads ascending from the foot of the mountain to 
the quarries still show the traces of the sledges on which 
were transported the huge blocks of more than twenty tons 
in weight that now lie scattered among the ruins of the 
Acropolis. 

On the summit of the Pentelikon the Athenian a had ifiaced 
a statue of Pallas Athene, that the goddess might overlook 
the land devoted to her worship. Here, from a hcio-ht 
of 3,500 feet, she looked down upon the plain of Marathon, 
and many other spots of everlasting renown j but the out- 
lines of the prospect are monotonous and naked, and require 
for their embellishment the beautifying remembrances of the 
past. 

Mount Marpena, in the island of Paros, furnished the most 
renowned statuary marble of ancient times. It was called 
Lychnites, because its quarries were worked by lamp-light, in 
deep mme-like excavations ; and the difficulty and cost of ’its 
extraction show how highly it was''prized. Itl^s a yellowish 
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wliite colour and a texture composed of fine shining scales 
lying in all directions. The celebrated Arundelian marbles 
at Oxford consist of Parian marble, as does also the Medicean 
Venus. More than twenty centuries have elapsed since the 
Parian’q_uarries were abandoned in consequence of the decay 
of Grecian art ; but in our enterprising days a company has 
been formed (1S57) for working the beautiful marble which 
has been recently discovered near St. Minas, not far from the 
site of tlie ancient quarries, and is said to be superior not 
only to that of Carrara but even to the renowned Lychnites 
of the ancients. 

The qnarries which in olden times famished the beautifully 
coloured marbles called Posso antico and Verde antieo had 
likewise for many centuries been abandoned and totally for- 
gotten. In 1846 they were rediscovered on the island of 
Tino and in the Maina by Professor Siegel, who soon after 
undertook to work them, and has furnished, among others, a 
large number of the beautiful columns of Rosso antico which 
decorate the interior of the court of the basilica of St. Paul’s 
in Rome. The hammer of the quarryman once more re- 
sounds in the wilds of the Taygetos, and the lawless robber 
of the Maina already feels the beneficial influence of industry. 

On the slopes of the mountain which bound the impetuous 
Oesterdal Elbe in Sweden, in a wild and desolate country, 
where tlie poverty of the people is so great that they fre- 
quently grind the bark of fir-trees to mix it with their bread, 
are situated the finest quarries of porphjay which Europe 
possesses. This beautiful stone, which attracts the eye even 
in its unpolished state, consists of a red-brown or blood-red 
mass, in which numerous small flesh-coloured felspar pieces 
are embedded. After having been rough-hewn on the spot, 
the blocks are transported to the neighbouring works of 
Bldfdal, where they are cut and polished into slabs, vases, 
chimney-pieces, and other articles fit for the decoration of 
palaces. The contrast is most striking when, after having 
traversed the barren neighbourhood, and still deeply im- 
pressed with the sight of poverty and distress on his 
road, the traveller suddenly finds himself before a group 
of handsome buildings which at once bear witness to the 
activity withii*. 
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Besides the rod porphyry of Elfdal, that of tlio Altai 
Mountains in Asia deserves to he noticed. It consists of a 
brown-red mass with snow-white cryslials, and is cn,p!i.ble ol a 
very fine polish. The quarries are situated on the fa.CG of a 
high rock on the left bank of the Xurgun, one of the wildest 
mountain streams of the Altai, about one hundred miles from 
the town of Kolywansk, whore it is cut and polished. 

Gypsum, or siilpate of lime, and the peculiar form of that 
mineral called Alabaster, are substanc.os (^f considfuniblo im- 
portance in the arts. Bendored more valuable by a alight 
admixture of carbonate of lime, the gyimum of Monimariro, 
near Paris, has long been celebrated for its exct'lhmco aa -a 
cement or stucco. It is found resting on a litiu’stone of 
marine origin, and in some places appears immediah'ly 
beneath the vegetable soil, so that it can be reatlily ii.nd con- 
veniently worked wiliioxit having r('courHc to Bubii'rrancan 
excavation. These quarries furnish tlu^ whoh^ of noi’ilu'rn 
Prance with the well-known plaster of X^iris, and iiin vahu^ 
of their annual produce amounts to not less than 100,000/. 

When sulphate of lime or gyi)sum assimu's tlu^ opaque, 
consistent, and semi-transparent form of alubaHlt'r, it is 
worked like marble. The imro white and hardi'r varitdb'S 
are usually employed for the sculpture of stataum and busies ? 
■•while the softer kinds are cut into vasi’S, boxt's, lamps, n.nd 
other ornamental objects. The alabash’r quarric's in the 
neighbourhood of the ancient Eirnscati town of Vulienu are 
the most famous in Europe, atul have afibrdctl (nuployitient 
for many centuries to her industrhnia population, Volit'rra 
exports her beautiful produce to all parts of tin' worhl, evem 
as far as the interior of China. Beggary is h(‘re nnknowti (a 
rare case in Italy), for even women and chlldrtni are all 
employed in cutting, sawing, rasping, or filing alabaster. In 
the remotest antiquity, when the city was st ill called Vola- 
thri or Tolatenm, this industry was practised within luw 
walls, and a collection of sepxilchral unis and other works of 
Etruscan art contained in the town-hull hears ti'Htimony to 
her ancient skill. I^ow, however, art seems to have di‘gi‘nt‘- 
rated into mere manufacturing ability; tlie staines and 
other objects are almost always repetitions of the same 
models, and but veiy rarely some spciculative pergon introduces 
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a noveltj, for tlie purpose of obtaining a somewhat higher 
price for his wares. 

Great Britain possesses apparently inexhaustible quan- 
tities of alabaster in the red marl formation in the neigh- 
bourhood of Derby, where it has been worked for many 
centuries. The great bulk of it is used for making plaster 
of Paris, and as a manure, or as the basis of many kinds of 
cements. Por these common industrial pinposes it is worked 
by mining underground, and the stone is blasted by gun- 
powder j but this shakes it so much as to rendtir it unfit for 
works of ornament, to procure blocks for which it is necessary 
to have an open quarry. By removing the superincumbent 
marl, and laying bare a large surface of the rock, the 
alabaster, being very irregular in form, and jutting out in 
several parts, can be sawn out in blocks of a considerable sive 
and comparatively sound. This stone, when preserved from 
the action of water, which soon decomposes it, is ex- 
tremely durable, as may be seen in churches aU over this 
country, where monumentah effigies many centuries old are 
still as perfect as when they proceeded from the soulptor^s 
chisel. The Derbyshire alabaster, commonly called Derby- 
shire spar, gives employment to a good many hands in 
forming it into useful and ornamental articles. Another 
kind of alabaster also .found in Derbyshire is crystallised in 
long needle-like silky fibres, which, being susceptible of a 
high polish and quite lustrous, is used for making necklaces, 
bracelets, brooches, and other small articles. 

Besides her inexhaustible coal, iron, and lead mines, 
Wales possesses in her slate quarries a great source of 
mineral wealth. Por this article, which many would suppose 
to be but of secondary importance, is here found in such 
abundance and perfection as to command a ready market 
all over the world. Thus, in hTorth Wales the face of the 
mountains is everywhere dotted or scarred with slate 
quarries, of which by far the most important and largest 
are those of Llandegui, six miles from Bangor, in which 
more than three thousand persons are employed. This 
circumstance alone will give an idea of their extent, 
but still more their having their own harbour. Port 
Penrhyn, •which holds vessels of from 800 to 400 tons, 
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a,nd whence slates are sent not onlj to all parts of Great 
Britain, but even to North Jkmerica. The cost of the in- 
clined planes and railroads which serve to transport th(', 
slates from the quarries to the port is said to hare amomittul 
to 170,000L The masses of slate are either detachocl from 
the rock by blasting, or by wedges and crowbars. They a.ro 
then shaped on the spot into the various forms for which 
they are destined to be used. 

Though the quarries of Llandegui are unrivalled, yet 
there are others which give employment to workmen whoso 
numbers range from a thousand to fifteeu hundred. In 
those that export their produce by way of Carnarvon, which 
owes its prosperity almost entirely to this branch of industry, 
about 2,800 men were employed in the year 1842, and siuao 
then their number has very much increased. Walking on 
the handsome new quay of the town, the visitor everywhero 
sees slates ready for shipment in the numerous small vessels 
which crowd the picturesque harbour. They are heaped nt) 
and arranged or sorted in large regular p)ilcs according to 
their dimensions or quahty, the ‘ladies’ and ‘fat ladies’ 
apart, as also the ‘ countesses,’ ‘ marchioness es,’ ‘princesst's ’ 
duchesses,’ and ‘ queens,’ for by these aristocratic names tho 
slate merchants distinguish the various sizes of the Uumblo 
article they deal in. 


EoW, the celebrated trayeller, remark tliat, whciiover a 
act.™ hands and inventive heads set to worh to extend i(e 

ae nottrof tl to attract 

™nted te Ln.l ’-orid. A polish was soon in- 

liiiSiii 
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and the enormous extent of its caverns is perhaps even 
owing" in a greater measure to the agriculturist than to the 
architect. And yet St. Peter’s Mount, situated near a town 
of moderate extent, would hardly have been excavated 
beyond the limits of a common quarry if the broad Meuse, 
flowing at its foot, had not opened towards Holland an 
almost unlimited market for its produce. Sure of being able 
to dispose of all the materials they can possibly extract from 
the earth, the quarrymen of the neighbourhood are thus 
yearly adding new passages to the labyrinths at which so many 
generations of their forefathers have toiled from age to age. 

In spring and summer they are mostly occupied with 
agricultural pursuits, and then but rarely leave the light of 
day to burrow in the entrails of the earth by the dismal 
* sheen ’ of smoky lamps ; but as soon as the approach of 
winter puts a stop to the labours of the field, they descend 
into the cavities of the mountain, and begin to excavate the 
vast mounds of stone or grit which are to be shipped in tlie 
following spring. 

Accompanied by a guide, the stranger enters these 
amazing quarries, that extend for miles into the interior of 
the mountain, and is soon lost in wonder at their endless 
l)assages, perpetually crossing each other to the right and 
left, and ending in utter darkness. The dismal grandeur of 
these dark regions is increased by their awful silence, for 
but rarely a droj) of water falls from the vaults into a small 
pool below, and even the voice of man dies away without 
a^va.k:ening an echo. 

But in order to make one feel the full impression of niglit 
and silence, the guide, after penetrating to some distance 
into the interior of the cave, extinguishes his torch. A 
strange sensation of awe then cree^^s over the boldest heart, 
and by an almost irresistible instinct the stranger seeks the 
nearest wall, as if to convince himself that he has at least 
the sense of touch to depend upon where the eye vainly seeks 
for tbe least ray of light, and the ear as vainly listens for a 
sound. Then also he feels how dreadful must have been the 
agonies of the despairing wretches who, having lost their 
way in these dark labyrinths, prayed and wept and shontod 
in va in, uiftil their las^ groans died away unheard. 
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It lias not seldom liappened tHat persons have hopelessly 
strayed ahont in tliesc vast caverns, and tlnn’O slowly perished, 
while but a few falhoins above the labourer wa.s driving his 
plough forward or the reaper singing his evening song. 
In several parts of the caverns an inB(5ri2)tion on the walls 
points out where and under what cireinnstancc^s a corpse 
has been found, or a few traces of black chalk give a rude 
portrait of the victim. Here we road the shorfc story of a 
workman who, losing his way, roamed about till the last 
glimmer from his torch died out in his burnt; iing('rH; there 
that of another whoso lamp hy some chaiu^o wa.s ovoriuriied, 
and who, plunged in sudden darkness, was no longer able to 
find his way out of some remote passiigc. 

The Trench geohigiat, Tiiujas do Saint-Tond, who, in the 
year 1798 minnttdy explorcul the Mount, relatc'S that one 
day the torches that were carried heforo him discovuriHl at 
some disiauco a dark object stretched out upon the floor, 
which on a closer inspection proved to ho a oorpse. It 
was a shrivelled mnininy, comphdely di’t^ssc'd, the hat lying 
close to the head, the shoes separated from the feud, and 
a rosary in its hand. Trom the dri'ss Taujas conjtHiturcd 
it to be the body of a workman, and perhaps inoro than 
half a century might have passed since the poor man dii‘d 
in the quarry which had probably giv(?n him broad for 
many a year. The dry air, and the total absence of inHocts 
ill these subterranean vaults, explained the nmminy-like 
preservation of the corpse. 

In the year 1640 four Franciscan monks resolved, for the 
greater glory of God and of their tutelary saint, to (‘onsiruefc 
a chapel in a deserted part of the caverns. Talcing with them 
a thick pack of thread, they attached one end of it to a spot 
where the trodden path ceased, and penetrating deepin' and 
deeper into the unknown vaults as long as their thrmul lasted, 
finally came to a larger cavity or hall, which had probably 
not been visited for centuries, but which in conscapionco 
of their misfortune has since hocomo one of the ahow-placi'S 
of the quarry. At the entrance one of them drew with a 
piece of coal a still existing sketch of his convent on tho 
wall, and wrote underneath the date of the discovery which 
was to ho so fatal to him and Ms companions. What must 
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have been tlieir dismay when, wishing to retrace their steps, 
they discovered that, by some accident, the thread which 
alone could lead them out of the labyrinth had been 
severed, and that they were left without gnide or compass' 
in the inextricable maze of the caverns. The prior, 
alarmed at their prolonged absence, and knowing that 
they had visited the quarries, ordered them to be sought 
for. But such is the vast extent of the excavations that 
it was only after seven days that their corpses were 
found, lying closely together, their faces downwards and 
their hands folded, as if their last moments had been spent 
in prayer. 

The caverns of St. Peter’s Mount, generally devoted only 
to the pacific labours of the quarry man or to unbroken 
silence, have once been the scene of a bloody fight ; and as 
the quiet waters of the Todtensee, on the heights of the 
Gtrimsel, have witnessed a sanguinary battle between the 
French and the Russians, so these subterranean vaults have 
once resounded with the din of fire-arms and the shouts 
of embittered enemies. 

During the siege above mentioned, which brought 
Maestncht into the power of the French Republic, some 
sharpshooters of the besieging army took up their position 
in the quarries. The Austrians, who occupied Fort St. 
Pierre, on the back of the mountain, and had already made 
several successful sorties, formed the plan of penetrating 
into the caverns from the interior of the fort, in the hope of 
surprising the enemy who occupied their entrances. But as 
the torches which lighted their silent march betra 3 ^ed their 
intentions, the Frenchmen cautiously and slowly advanced 
upon them, sui'prised them with a sudden volley of musketry, 
and drove back into the depths of the caverns all those who 
were not made prisoners or killed. 

To the geologist the quarries of St. Peter’s are particularly 
interesting, as the calcareous tuff of which they are composed 
is extremely rich in valuable petrifactions. Here, among 
others, was found, in 1770, the famous skull of the Mososaurus 
Hoffmanni, a giant lizard twenty feet long, which, before 
. the discovery of the ^still more colossal Ichthyosauri in 
England aad Bavaria, was considered as the most remark- 
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able fossil known, and now forms one of tlio cliief ornaments 
of tlie Museum of the Jardin des Plantes in Paris. 

There are no subterranean animals peculiar to the cpwerns 
of St. Peter’s, such as have been found in largo naturu,! (awes ; 
but foxes and martens not seldom find here a secure retreat, 
and many a bat hibernates in their warm receBS('S. 

Near the 'small village El Massara, which, like all tlxo 
hamlets on the Nile, stands in a grove of datcs-palms, are 
situated the quarries which furnished materials for the tem- 
ples and pyramids of Memphis. After having first traversed 
a wide plain of sand, the visitor reaches the foot of the 
Mokattam mountain. Here the ground is everywhere covert'd 
with enormous heaps of rubbish from the quarries, which look 
more like an attempt to cut the whole mountain into blocks 
and carry it away than simple excavations for building 
materials. At first sight the traveller might indeed almost 
fancy that all the oightcon thousand towns of ancient Egypt 
must have been dug out of these siupi'udous (‘xcavaiious. 
Here he may see the mountain cut throtigh from top to bot- 
tom, and open spaces as large as the S(]uaves of a great capital 
on a level with the plain, while there the rock had been hol- 
lowed out into enormous halls, their roofs reposing on titanic 
pilasters. In one spot the rocky wall has beem cut rncta.u- 
gularly, after which it runs painillel to the river for a dis- 
tance of about fifteen hundi'od feet, and ilum again projc'cts 
at a right angle towards the plain, so that in the spac’e 
between the wings there would be room enough for a small 
town, yet all the stone which once filled this vast cavity has 
been sawn from the rock and carried over the Nile, Ih’ro 
and there enormous masses of stone, like ihos(i which in 
winter roll from the high Alps into the valleys, have fallen 
from the overhanging rock. Many hear evident traces that 
Ibe liaiid of man originally severed them from the mountain ; 
bat their size was such as to baffle even the perseverance and 
mechanical skill of the Egyptians. No power eotdd remove 
ihem from the spot ; and thus they remained to be wont away 
by time, which as yet, however, has hardly left a trace of 
its passage upon their chiselled sides. 

Prom ihc mounds of rubbish that lie before the openings 
of the quarries there is a magnificient view of the Ibng line of 
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pyraaiids wliicli mark, to the west, the extreme limits of the 
fertile land. Here, indeed, is a place for meditation, for 
nowhei’e do stones preach a more impressive sermon ! 

The qnarries of Haggar Silsilis, in a wild monntainons 
conntrj" between Assuan- and Edfa, are on a stiH grander 
scale. Passages as broad as streets, running on both sides 
between walls fifty or sixty feet high, new stretching straight 
forward, now curving, extend from the eastern bank of the 
river into the heart of the mountain, where spaces have 
been laollowed out large enough to embrace the Roman 
Colossenm ! To the north numberless Cyclopean caverns 
have been hewn out, and enormous colonnades stretch along 
the foot of the mountain. The rough-hewn irregular roof 
rests upon immense square, or many-sided, pillars, fi-equently 
eighty or a hundred feet in circumference. Enormous 
blocks, already completely separated from the rock, rest 
oil smaller ones, ready to be transported, while in other pa.rts 
the labours of the quarrymen were suddenly a.rrested by the 
invasion of the foreign conqueror, who put a stop to the 
dominion of the priests. The Bedouin, astonished at these vast 
works, so alien to his roving habits, exclaimed at their aspect, 
with a wondering mien, ‘Wallah! if these unbelievers had 
lived until now, they would have carried away the vvh(jle 
mountain and levelled it with the ground I 

Syracuse, the proud city that vied with Rome itself, and 
the remembrance of whose magnificence and glory, both in 
arts and. arms, will live as long as classical literature, is now 
reduced to a heap of rubbish, for her remains deserve not the 
name of a city. But though even her ruins have mostly dis- 
appeared, etiam periere ruincB,^ yet the vast quarries which 
furnished the materials for her palaces and temples still bear 
witness to her ancient grandeur. 

The PatomiEe of the Capuchins, thus named from a con- 
vent of that order situated on the rock above, now form a 
noble subterranean garden, one of the most romantic and 
beautiful spots imaginable. Most of it is about one hundred 
feet below the level of the earth, and of an incredible extent. 
The whole is hewn out of a rock as hard as marble, com- 
posed of a concretion of shells, gravel, and other marine 
bodies. Tl»e bottom of ?his immense quarry, from which prob- 
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ably tbe greatest part of Syracuse was built, is now covered 
with an exceedingly rich soil ; and as no wind from any point 
of tlie compass can toucb. it, it is filled witb. a great variety 
of tbe finest shrubs and fruit-trees, which bear with prodigal 
luxuriance, and are never blasted. The oranges, citrons, 
pomegranates, and figs, are all of a remarkable size, and, fre- 
quently growing out of the hard rock, where there is no 
visible soil, exhibit a very uncommon and pleasing appear- 
ance. This quarry is the same that Cicero eloquently de- 
scribes as the vast and magnificent work of the kings and 
tyrants of ancient Syracuse, hewn out of the rock to a pro- 
digious depth. It also served as a prison for the Athenian 
soldiers that were made captives during the Peloponnesian 
war, and even now these vast excavations might be used for 
a similar purpose, as their high and overhanging walls for- 
bid the possibility of escape, and ten men would be able to 
guard ten thousand without danger. Yet the genius of 
Euripides liberated many of his countrymen from this deep 
pit of bondage ; for, happening to sing a chorus of one of 
his immortal tragedies, it moved the tyrant to restore 
them to hberty, in honour of their illustrious fellow-citizen. 
ISTever has a more grateful offering been awarded to a poet’s 
genius, and never has the magical power of the Muses 
celebrated a nobler triumph. 
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PRECIOUS STONES. 

Diamonds — ^Diamond-cutting — ^Eose Diamonds — Brilliants — The Diamond District 
in Brazil — ^Diamond Lavras — The great Russian Diamond— The Regent — The 
Koh-i-Noor — ^Its History — The Star of the South — ^Diamonds used for Industrial 
Purposes — The Oriental Ruby and Sapphire— The Spinel — The Chrysoberyl— 
The Emerald — The Beryl — The Zircon — The Topaz — The Oriental Turquoise— 

' The Grarnet — ^Lapis Lazuli — The Noble Opal — ^Inferior Precious Stones — The 
Agate-cutters of Oberstein — Rock Crystal— The Rock-crystal Grotto of the 
Galenstock. 

I N former ages superstition ascribed a strange mysterious 
power to precious stones. Gems of conspicuous size or 
lustre were supposed to confer bealtb and prosperity on their 
owners, to preserve them in the midst of the most appalling 
dangers, or even to give them a command over the world of 
spirits. 

The crucible of modern chemistry has, indeed, effectually 
dispelled these illusions of a poetic fancy ; but the precious 
stones have lost nothing in value by them nature being 
better known. They are stiU the favourite and most costly 
ornaments of wealth and beauty, and they still deservedly 
rank among the wonders of creation. For surely no fabled 
talismanic virtues can be more worthy of admiration than 
that natural power which in the secret laboratories of the 
subterranean world has caused their atoms to unite in lus- 
trous crystals, and imparted to such vulgar materials as 
carbon, clay, or sand, the gorgeous reflections of the rainbow 
or the glorious colours of the setting sun. 

The diamond, it is almost unnecessary to say, is the chief 
of precious stones, none other equalling it in brilliancy and 
refractive energy. Although generally colomless, like pure 
rock-crystal, yet it is also found of every variety of tint, from 
a roseate hue to crimson red, or from a pale yellow to dark 
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green and blue, or even black. Coloniiess diainonds are in 
general most highly esteemed, but coloured stones are some- 
times of an exquisite beauty, and of corresponding value. 
Blue is an exceedingly rare colour, and one of this shade, 
the celebrated Hope diamond, which weighs forty-four and a 
half carats,* and unites the charming colour of the sapphire 
with the prismatic fire of the diamond, is valued at 25,000L 
As the rough stones are rarely found with an even or trans- 
parent surface, the assistance of art is required to develop 
their full beauty. The diamond, being by far the hardest of 
all substances, can only be cut and polished by itself. Hence 
the lapidaries begin their operations by rubbing several dia- 
monds against each other while rough, after having first 
glued them to the ends of two wooden blocks thick enougli 
to be held in the hand. It is the powder thus rubbed off 
the stones, and received in a little box for the purpose, that 
serves to grind and polish them. 

The process of diamond-cutting is effected by a horizontal 
iron plate of about ten inches’ diameter, called a schyf or 
mill, which revolves from two thousand to three thousand 
times per minute, and is sprinkled over with dianxond dust 
mixed with oil of olives. The diamond is fixed in a ball of 
pewter at the end of an arm resting upon the table on which 
the plate revolves ; the other end, at which the ball contain- 
ing the diamond is fixed, is pressed upon tlie wheel by 
movable weights at the discretion of the workma.n. 

The method of cutting and polishing diamonds was un- 
known in Europe before the fifteenth century, but appears to 
have been practised long before in India, though in a rude 
manner. The original facetting of the Koh-i-Noor was the 
work of an unknown and prehistoric age. 

The diamonds which were employed as ornaments before 
that period— as for instance the four large stones which en- 
rich the clasp of the imperial mantle of Charlemagne, as now 
preserved in Paris— remained in their rough and unctft state. 

The invention is ascribed to Louis von Bergiien, anativeof 
Bruges, then the great emporium of Western trade andluxury, 
who in the year 1476 cut the fine diamond of Charles the 
Bold ; and ever since that time Antwei'p and Amsterdam 

“ The carat is oqxial to 3| grains Tmy weight. 
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IiQfe maintained tlie first rank in tlie practice of an art 
wliicla might be supposed to have a more appropriate seat in 
London or Paris, the centres of modern wealth and fashion. 

Diamonds are generally cut either as rose diamonds or as 
brilliants. The rose diamond is flat beneath, while the upper 
face rises into a dome, and is cut into facets. The brilliant, 
which is always three times as thick as the rose diamond, is 
likewise cut into facets, but so as to form two pyramids rising 
from a common central base or girdle. Each pyramid is 
truncated at the top by a section parallel to the girdle, which 
cuts off of the whole height from the upper one, and 
from the lower one. The superior and larger plane thus pro- 
duced is called the table ; and the inferior and smaller one is 
called the collet. Although the rose diamond projects bright 
beams of light in more extensive proportion often than the 
brilliant, yet the latter shows an incomparably greater play, 
from the difference of its cutting. In executing this there are 
formed thirty- two facets of different figures, and inclined at 
different angles all round the table on the upper side of the 
stone, while on the under side twenty-foar other facets are 
made round the small table. It is essential that the facets of 
the top and the bottom shall correspond together in sufficiently 
exact proportions to multiply the reflections and refractions, 
so as to produce the gorgeous display of prismatic colours 
which renders the brilliant so pre-eminently beautiful. 

Eroin the hardness of the diamond, its cutting is a very 
tedious and expensive operation, requiring more time in the 
proportion of fifty to one than the cutting of the sapphire, 
which comes next to it in hardness. 

Experiment has determined that the diamond consists of 
pure carbon, so that the same' substance which in its common 
black state is utterly worthless in very small quantities, 
becomes the most costly of precious stones, when it makes its 
appearance in the crystalline form. Already hTewton, by 
observing the extraordinary refractive power of the diamond, 
had been led to place it among combustibles ; but Cosmo III., 
Grand Duke of Tuscany, was the first who proved the truth 
of this bold conjecture by actual observation. He exposed 
diamonds to the heat of the powerful burning-glass of 
Tschirnha-iisen, and saw them vanish in a few moments into 
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air. The formation of the diamond in nature is one of the 
many problems which ‘ our philosophy ’ has not yet enabled us 
to solve. Time is an element which, enters largely into 
nature’s works ; she occupies a thousand or even thousands 
of years to produce a result, while man in his experiments is 
confined to a few years at most. 

The most anciently renowned diamond districts are 
situated in the Indian peninsula, in the kingdoms of Gol- 
conda and Visapour, extending from Cape Comorin to Ben- 
gal, at the foot of a chain of mountains called the Orixa, 
which appear to belong to the trap-rock formation. Tavernier 
describes them as giving employment to thousands of work- 
men, but they seem now to be all but exhausted. 

We are but httle acquainted with the diamond mines of 
Landak in Borneo, though Ida Pfeiffer, on her second voyage 
round the world, obtained permission to visit them — a favour 
but rarely accorded to strangers by the suspicious potentate 
to whom they belong. So much is certain, that very few 
stones from this quarter find their way to the civilised world, 
which at present draws its chief supplies from the mines of 
Serro do Brio and Sincora in Brazil, and from the newly- 
discovered diamond-fields of the Cape. 

When diamonds were first found in the Serro do Frio, 
about the beginning of the last century, the real value of 
the glittering crystals was so little known that they were 
made use of as card-marks by the ifianters of the neighbour- 
hood. An inspector of mines, who had been some time in 
India, was the first who discovered their true nature. Wisely 
keeping his secret to himself, he collected a large quantity 
of them, and escaped with his treasure to Europe. In 172'9 
the governor of Brazil, Don Louren 5 o de Almeida, sent some 
of the transparent stones of the Serro to the court of Lisbon, 
with the remark that he supposed them to be diamonds, and 
thus the attention of Government was at length attracted to 
their value. By a decree of the 8th of February, 1730, the 
diamond district was placed under the rule of an Intendant, 
armed with the most arbitrary powers. Not only all 
strangers were carefully excluded from its limits, but not 
even a Portuguese or a Brazilian was allowed to tread its 
forbidden ground without a special permission; its popula- 
tion was limited to a scanty number, nor durst the foundation 
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of a new lionse be laid nnless in tbe presence of magistrates 
and mining inspectors. A system of secret delations was 
introduced worthy of the worst times of the Inquisition, and 
many an innocent person was banished, imprisoned, or 
transported to Africa, without even knowing his accuser, or 
the trespass laid to his charge. In one word despotism 
seemed to have exhausted all her inventive powers for the 
purpose of securing to the Crown the monopoly of the costliest 
gem on earth. 

But in spite of every precaution, it was impossible to put 
down the contraband trade in diamonds. The audacity 
of the smugglers increased with the obstacles placed 
in their way, so that a far more considerable quantity of 
diamonds were secretly sold and exported than ever came into 
the hands of Government. Traversing the deep forests on 
almost inaccessible mountain paths, the hoM free-traders met, 
at some place of appointment, the negroes who had been 
able to secrete some of the precious stones, and paid them 
a trifle for diamonds which beyond the limits of the district 
were worth at least twenty times the price given. Some- 
times even the smugglers searched for diamonds themselves 
in the unfrequented wilderness. While some were washing 
the sands, others kept watch upon an eminence, and gave 
notice of the approach of the soldiers, who were constantly 
patrolling the district. 

The heaviest penalties could not prevent the inhabitants 
of the Serra from defrauding the Crown, and Herr von 
Tschudi (^Travels in South America in 1857-1861") was 
told many amusing instances of their smuggling contrivances. 
One of them had concealed a diamond of twenty-five carats 
in the handle of his riding-whip, for which purpose he had 
practised for many weeks the art of plaiting the thin leather 
straps which covered it, and another had secreted his precious 
stones in a kettle with a double bottom. 

When the Brazils became an independent country, the 
monopoly of the diamond trade was abandoned by the new 
Government, and any speculator was allowed to search for 
diamonds on payment of a slight duty. The precious stones 
are found chiefly in alluvial deposits {Cascalho virgem), in 
the beds of torrents, or £flong low river-banks, and frequently 
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large quantities of orerlying mbbisli [Oim-ctlho hmvo) liavo 
to be removed before the diamond-bed can be reached. Tlie 
mining labours are generally porforint'd by slaves, though 
some of the poorer minors, or Faiseadores, have no other 
assistance but that of their own families. The work varii'S 
with the seasons. During the dry period of the y<‘ar iho 
eascalho is removed from the beds of the dessicated brooks, 
and dams are raised or canals dug for the pui'pose of itirning 
off the stream into atiother channel, while the wet seasoti is 
made use of for washing the sands. While this operation is 
going on, an overseer seated on a high chair kijops a sharp 
look-out upon the negroes ; hut in spit(j of all his attention, 
and of the scvei*e punishments that await thorn in case of 
discovery, they know how to secrete many a diamond, hy 
rapidly throwing it into their mouth, atul concealing it 
under their tongue or swallowing it. In the PortugueatJ 
times an Inteirdant, complaining to the overseers of the 
frequency of theft, accused them of negligciico, hut was 'told 
that no vigilance in the world could prevent it. To convim-e 
himself of the fact, he ordered a negro who enjoyed the nqm- 
tation of being a most expert hand at secreting diamonds to 
be brought before him, and placing a small stone in a heap 
of sand, promised him his liberty in case he should succeed 
in appropriating the stone without being detected. T’liii 
negro began to wash the sand according to tbo usual method, 
while the lutendant was observing him all tlu? time with tho 
eyes of a lynx. After a tew mimit(^s he askt'd the slave 
whether he had found the stone. ‘ If the word of a white 
man can bo trusted,’ answered the black, ‘I a,m from this 
moment free ; ’ and taking the diamond out of his uuadh, 
he handed it to the Intendant. 

The negroes employed in the diamond wmshings ary 
generally hired hy the miners at so immy milrees a week. 
Although their labour is very severe, they generally prefer it 
to any other, as on Sundays and Feast-days they are allowed 
to search on their own account (of course in places not pre- 
viously occupied), and have, moreover, an opportunity of 
stealing diamonds. 

The profits thus lawfully or unlawfully made they gemt. 
rally spend in drinking, a slave 'but very prely saving 
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money for tlie piirpose of j)urcliasiiig liis freedom. In 
the Portuguese times, while the mines were still worked on 
account of Government, a negro who was fortunate enough 
to find a stone weighing an oitava (17| carats) was at once 
rewarded with his liberty ; at present only small rewards are 
given. Formerly most diamonds were found in the district 
of Tejuco, the capital of which received in 1831 the significant 
name of Diamantina j hut in 1844 new mines were discovered 
in the Serro do Sincora, in the province of Bahia, whose 
richness eclipses that of the most brilliant times of Tejuco. 

The total produce of Brazil is estimated at about 300,000 
carats, annually worth on the spot from 800 to 500 milrees 
the oitava (17|^ carats). The miners rarely make a fortune, 
as their expenses are very great ; the chief profits of the 
diamond trade fall to the share of the merchants, who 
purchase the stones in the mining districts and then sort 
and export them. The price of diamonds is subject to 
considerable fluctuations, which, proceeding from the mar- 
kets of London, Paris, and Amsterdam, are most sensibly felt 
in the diamond districts, for the great European houses in 
whose hands the trade of the rough stones is concentrated, 
and who dispose of considerable capital, are able to wait for 
better times, while the small Brazilian trader or miner is 
soon obliged, for want of money, to sell his stones at any 
price. After the breaking out of the Crimean war, diamonds 
were very much depreciated at Diamantina. They were 
oifered for sale at absurdly low prices, and even then a 
purchaser was rarely to be found. The market improved 
very slowly ; but when the war was at an end, the prices 
once more rose to a height which Lad never been known 
before. The commercial crisis in North America and Europe 
at the end of 1857, and in the beginning of 1858, caused a 
new reaction, the eflfects of which Tschudi was able to note 
during his stay at Diamantina. ‘Good ware’ {fazenda 
regular e boa), consisting of stones averaging a vintem* in 

^ In the Braziliaii diamond trade, the oitara (17i carats) is considered as the 
unity of weight. It is subdivided into 4 quartas or 32 vintems; the vintem is 
equal t o grains. Stones of half a vintem still pass as good ware {fazenda 
ainda hoa), when well-shaped and colourless. Middling ware {fazenda mdiana) 
consisis of from 64 to 100 stoijps to the oitava, while all below that weight is 
sold as refuse. • 
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weiglit, wMeh. a few montlis "before tad been paid witb 500 
milrees tbe oitava, were now offered for 300. A stone of six 
vintems was sold in Mareb 1858 for 170 milrees ; six montlis 
before it would have been worth 240 or 260. 

"WTiile tbe price of tbe smaller stones of about a vintem or 
less is regulated bj tbe exporters in Eio, conjointly witb tbe 
European bouses, fancy prices are asked at Diamantina for 
larger stones of several carats. A fine diamond of an oitava 
sells for about three contos of rees (360Z.), and one of two 
oitavas, or thirty five carats, is often sold on tbe spot for ten 
to twelve contos (1 200L-1440Z.). 

"When cut and 23obsbed a brilliant of tbe first or purest 
water in England, weighing one carat, is valued at 12Z., 
a rose diamond of tbe same weight at 8?., while tbe value 
of all those of a larger size is calculated by multiplying 
tbe square of tbe weight in carats by twelve or eight, except 
for those exceeding twenty carats, the price of which 
increases at a much more rapid rate. The enormous value 
ascribed to large diamonds is, however, merely fanciful, for 
they are worth neither more nor less than what purchasers 
may be inclined or able to give for them. According to 
the above valuation, stones weighing 100 ca,rats would be 
worth at least (100x100 = 10,000x12) 120,000Lj a sum 
which has probably never yet been paid for a diamond of 
that weight. A very trifling spot or flaw of any kind lowers 
exceedingly the commercial value of a diamond. The num- 
ber of large diamonds is very small. Among ten thousand 
stones, the Brazilian mines furnish but one that weighs ten 
carats ; diamonds above twenty carats are very rare, and in 
all Europe there are but five diamonds of more than one 
hundred carats. 

The largest of these is the magnificent gem of the first 
water, without fault or blemish, which sparkles in the Im- 
perial sceptre of Russia. It weighs 194f carats j its largest 
diameter is one inch three lines and a half; its height ten 
lines. It is of East Indian origin, and once figured with 
another similar stone in the throne of Nadir Shah. When 
this tyrant was murdered, it was stolen, and ultimately came 
into the possession of an American merchant named Schaf- 
rass, who purchased it with several other valua"ble stones of 
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an Afghan chieftain in Bagdad, for the round sum of 60,000 
piasters. In 1772 the Empress Catherine 11. bought the 
diamond of Schafrass, who had meanwhile settled in Amster- 
dam, for 460,000 silver roubles and a patent of nobilitj. 

Of somewhat smaller size, but of unparallelled beauty, is 
the magnificent diamond called the Pitt or Eegent, whicli 
Mr. Pitt, graiidfather of the famous Lord Chatham, into 
whose possession it had come while governor of Madras, 
sold to the Dulse of Orleans, Eegent of Prance, for 136,000?., 
having himself paid 12,500?. for it to Tamohund, the most 
famous native dealer in India. It originally weighed 410 
carats, but has been reduced to ISfif by cutting it into a 
brilliant — an operation which is said to have lasted two 
years. It is now the first among the jewels belonging to 
the Prench Grovernmentj Napoleon used to wear it in the 
hilt of his sword. 

During the fi.ve years the stone remained in his possession. 
Governor Pitt is said to have lived in such constant dread of 
having it stolen, that he never made known beforehand the 
day of his coming to town, nor slept two nights following in 
the saiiio house. If this story be true, great indeed must 
have been his relief when he parted with his gem, which, 
though small in weight, was to him a true millstone in 
anxiety. 

The diamond of the Grand Duke of Tuscany, which 
weighs 139^ carats, and is consequently a trifle larger than 
the E(}gont, once belonged to Charles the Bold of Burg-undj’’, 
and at tlic battle of Nancy fell into the hands of an ignorant 
trooper, who plucked the gem from the helmet of the 
uiifortiniatc duke and sold it for a crown. At a later period 
it came into the i)ossossion of the Court of Tuscany, and is 
now the first crown jewel of the Emperor of Austria. 

The moat celebrated diamond in the world is nndonbtedly 
the Koli-i-Noor, or ‘mountain of light,’ which, according to 
Hindu higend, was worn by one of the heroes of the Great 
War whi(di took xdace about four thousand years ago, and 
which forms the subject of the ei)ie poem the Maha-Bhdrata. 
After numberless vicissitudes and peregrinations, wo find it 
in th (5 possession of the Grand Moguls, and in 1739 in that 
of Nadir SShah, who, on his occupation of Delhi, eoinpclled 
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Moliainmed Sliah, tlie great-grandson of Aurungzeb, io giv^e 
Tip to him all the valuables contained in the imperial treasury. 
According to the family and popular tradition, Mohammed 
Shah -was imprudent enough to wear the Koh-i-Noor in front 
of his turban at his interview with his conqueror, who being 

, * the miklest-mann creel man 

With all true breeding of a gentleman,’ 


insisted on exchanging turbans in proof of his regard ; and 
is said to have bestowed upon the diamond thus politely 
annexed the name of Koh-i-Noor, After the fall of his 


dynasty, the stone became the proyierty of Ahmed Shah, the 
founder of the Abdali dynasty of Kabul, and, when Mr. 
Elphinstone was at Peshawur, was worn by his successor 
Shah Shuja, on his arm. When Shah Shnja was driven 
from Kabul, he became the nominal guest and actua.1 
prisoner of Eunjeet Singh, who, following the good example 
of Kadir Shah, gently persuaded his protegd to part with his 
diamond for the revenues of three villages, not one rupee of 
which he ever realised. 'By what do you estimate its 
value asked the Sikh Maharajah of his victim, as the 
surrendered Koh-i-Koor lay on the arm of his now master. 
'By its good luck,' said Shah Shuja, 'for it hath ever 
been his who hath conquered his enemies.' 


Subsequent events fully proved the truth of this remark, 
for when the Punjab was annexed by the British Governniont, 
it was stipulated among other conditions that the Koh-i- 
Noor should be presented to the Queen of Enghind. But in 
spite of its promising name, the 'Mountain of Light’ was 
but of inferior lustre, for the Orientals are more bunglers 
m the art of diamond-cutting, and lay greater weight upon 
the size than upon the brilliancy of a jewel. Hence it 
was resolved to have it recut by the most skilful Amsterdam 
lapidanes, who came over to England for the purpose. The 
operation, which was performed with the assistance of a 
small steam engine, and cost no less than 6,000L was 
perfectly successful; and though the Koh-i-Noor, which 
formerly wmghed 1861 carats, has been reduced by its 
conversion into a brilliant of 102* carats, it has gained 
so much in lustre that it now fiTlly deserve. the\mme 
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assigned to it by the h^’-perbolical phraseology of the 
East. 

All these large diamonds originally came from India ; but 
latterly they have been rivalled by a stone of Brazilian origin, 
originally weighing 254-|- carats, but reduced by cutting to 
1 25, which has received the poetical name of Estrella do 
Sul ’ or Star of the South. It is a singular fact that as yet 
this beautiful gem has brought good luck to none of its pos- 
sessors. An old negro woman accidentally found it in a 
diamond jnino at the Bio da Bagagem, in Minas Geraes, 
among a heap of pebbles that had been previously washed. 
She gave it bo her master, who did not even reward her with 
her liberty, and superstition has traced all the ill-luck attached 
to the stone to that ungenerous act. The first proprietor of 
the diamond was a needy man, who for a trifling sum had 
been allowed by tho proprietor of the mine to search for stones 
wj.th tho few slaves he possessed. The proprietor now claimed 
the diamond, alleging that it had not been found on the 
premises hired by the former ; and a law suit, profitable of 
coirrso to nono but the lawyers, was the consequence. To 
be able to defend his cause, the possessor of the stone 
pawned it to the Brazilian Bank for about 8,000Z., for 
which he had to pay fifteen per cent, commission and a 
high interest. 

Tho law suit, as may naturally be supposed, lasted so long 
that tlie man died before it was decided, and but a very small 
sum of moiuiy remained to his widow. After passing through 
Kovcral hands, the stoiio was purchased at Bio for a million of 
francs, by a Dutch jeweller, who, to make ni^ this consider- 
able snm, wa,a obliged to borrow money at the usual high 
interest of tho place. Ilo took the stone with him to Am- 
sttu\hun, where it was cut, at an expense of about 4,OOOZ. 
The great desideratum was now to find a purchaser for 
tho ma-guificont jewel, which, however, did not prove of 
the first water. It was oiTored for sale to several crowned 
heads, and no princely bridal was allowed to pass without 
an attempb to dispose of the 'Star of the South;’ but 
all efl’orta proved fruitless, for it seems that the monarchs of 
our days are of opinion that tho exorbitant sums formerly 
paid for diamonds uf^an uncommon size may bo invested in a 
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mucli more profitable manner. Tbe unfortunate speculator 
died of a broken heart. By tbe latest accounts the stone 
is still in Paris, held in pawn by a commercial house, which 
most probably will keep it, as the accumulated interest of 
years must of com'se absorb its whole value. 

The uncut stone belonging to the King of Portugal, and 
weighing 1,680 carats, is now well known to be not, as was 
supposed, the greatest diamond in the world, but a mere 
white topaz. The quality of another stone of 138^ carats, 
found near the Eio Abata in 1791, and likewise in the Portu- 
guese treasui’y, has not been determined. So much, how- 
ever, is certain, that the Portuguese Crown possesses (or 
possessed a few years ago) the richest collection of diamonds 
in the world, the value of which was estimated at about 
8,000, 000Z.(?) Of all the stones annually sent to Lisbon 
by the General Intendant of the diamond districts, the king 
selected the largest and finest for the royal treasury, and the 
others were sold. When King Joao VI. returned in 1821 
from Brazil to Portugal, he carried along with him almost 
as many diamonds as Voltaire’s Candide on his escape from 
Eldorado. The jewels were deposited in sealed bags in the 
vaults of the Lisbon Bank, where they remained forty years 
as a dead capital. In 1863 it was at length very wisely 
resolved, with the consent of the Cortes, to sell these rough 
diamonds, and to invest the proceeds for the benefit of the 
civil list. 

Though diamonds are usually washed out from the soil, 
yet they also generally occur in regions that afford a lann- 
nated granular quartz rock, called Itacolum,ite, which in thin 
slabs is translucent and more or less flexible. This rock 
occurs in the mines of Brazil and the Urals, and also in 
Georgia and North Carolina, where a few diamonds have been 
found. Before taking leave of the prince of gems, I will 
not omit mentioning that it is not only the costliest of 
all ornaments, but serves also for several more humble 
though more useful purposes, as for cutting glass by the 
glazier, and all kinds of hard stones by the la,pidary. 
Small drills are made either of imperfect diamonds, or 
of fragments split off from good stones in their manufac- 
ture for jewelling. They are used fo^ drilling small holes 
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in rubies and other hard stones, for piercing holes in china 
where rivets are to be inserted, or in any other vitreous 
substance, however hard. Diamonds have also been recently 
used for arming the end of the borer in a new rock-boring 
machine, for scooping out holes in the hardest rocks, such 
as granite and porphyry. The use of diamond dust within 
a few years has increased very materially with the increased 
demand for all articles wrought by it, such as cameos and 
intaglios. 

Since the discovery of America, when prodigious masses of 
gold and silver were suddenly poured into Europe, no age 
has witnessed a greater development of subterranean wealth 
than the present. The gold fields of Cahfornia and Australia, 
the petroleum wells of Pennsylvania, the Comstock silver 
lode, and the copper mines of Burra Burra, have successively 
astonished the world, and now diamonds have been found 
glittering among the arid sands of the deserts to the north of 
the Cape Colony. Almost every packet from that part of 
the world brings considerable consignments of South African 
diamonds to London, where they are regularly sold every 
month by public auction. In colour and brilliancy they 
fully equal the East Indian and Brazilian diamonds, and 
surpass them in average size and weight. The consequence 
of this rapid influx of large stones of the first water has been 
a considerable fall in price for diamonds of this character. 
Thus, at one of the last sales (February 28) a brilliant of 20 
carats (out from a 39-carat stone), which prior to the Cape 
discoveries would have found ready sale at 5,000Z. or more, 
was knocked down unsold at 2,000 guineas. 

The mineral substance that ranks next to the diamond, 
whether we estimate it by its hardness, the splendour of its 
colour, or its rareness,, is that called by the mineralogists 
Corundum. It consists of pure crystallised alumina (the 
oxide of the now well-known metal aluminium), variously 
tinted by the addition of small quantities of iron or chromium. 
To this class belong the ruby, the sapphire, the topaz, the 
emerald, the amethyst, and other stones of gorgeous colour, 
distinguished by the epithet ‘ oriental ’ prefixed to the name. 

The Oriental Euby, or Eed Sapphire, is the red stone par 
excellencG gf jewcllerj* and, from its fiery lustre, probably 
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identical with the carbuncle of Pliny, and the anthrax or 
‘burning coaP of tlieophrastus. Its hiiest colour is a most 
rich and lovely crimson, known as the pigeon’s blood tint; but 
its scarlet tints are also most beautiful. The rod rays of tho 
prism falling on a ruby produce a charming effect. Pegu 
is the land of rubies, and Australia now likewise furnishes 
stones of excellent quality. A perfect ruby above three 
and a half carats is more valuable than a diamond of tho 
same weight. If it weigh one carat it is worth ion guineiis ; 
two carats, forty guineas ; three carats, one hundred jwid ilfty 
guineas; six carats, above one thousand guineas. The 
largest oriental ruby known to be in tho W(.>rld was brought 
from China to Prince Gagarin, Governor of Siberia. It came 
afterwards into the possession of Prince Mensehikoff, and is 
now a jewel in the imperial crown of Itussia. 

The blue variety of the corundum is tin) Oricuital Sapphire 
of the jeweller. There is one hue of it of a soft pure azui:(', 
distinguished from the commoner kinds by its retaining its 
fine blue even by candleligbt, when an ordinary sapphire 
looks piirplo or black. Unlike tho ruby, it occurs in spt‘ei- 
meiis of a considerable size. A good blue stone of ton carats 
is valued at fifty guineas. If it weighs twenty carats its 
value is two hundred guineas, but under ten carats tbo price 
may be estimated by multiidying tlio square of its wt'iglit in 
carats into half a guinea ; tlwris one of four (tjirais would he 
worth eight ghinoas. A sapphire of a bii.rblii-bliui coloiir, 
weighing six carats, was dispostul of in Ikiris by public sale 
for 701 ; and another of an indigo blue, widghiiig G carats 
and 3 grains, brought CO^., both of which sums much ex- 
ceed what the preceding rule assigns, from which wo may 
perceive how far fancy may go in such matters. 

The Spinels, whose transparent and moat pretdous forms 
consist essentially of alumina combined with magnesia, and 
tinted perhaps with iron, include two resplendent stones, the 
Spinel Ruby, a scarlet variety of considerable fin; ami of rich 
colour, and tbe Balais or Balass Ruby, thus called Irom one 
of the most celebrated localities of the spinel in former times, 
namely Beloochistan or Balastan. The latter is of a, deHeale 
and rarely deep rose colour, showing a blue tint when looked 
througli, and a redder one wben it Is looked at. Boib of 
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these minerals are termed rubies by the jewellers, and the 
deep-tinted kinds are sometimes sold for the true stone. 
In fact, nearly all the large and famous gems that pass under 
the name of rubies belong to this species, as for instance the 
ancient ruby in the crown of England, which was presented 
to Edward the Black Prince by Don Pedro the Cruel, and 
the enormous stone time-honoured in Indian tr^ition, that 
came along with the Koh-i-Noor into Her Majesty’s posses- 
sion. Such was the superstitious value attached to it by its 
former proprietor, Runjeet Singh, that he would sooner have 
lost a province than this stone. When the weight of a good 
spinel exceeds four carats, it is said to be valued at half the 
price of a diamond of the same weight. 

The Chrysoberyl, called also by the jewellers the Oriental 
Chrysolite, is a stone of almost adamantine lustre and trans- 
parence. It is a compound of alumina and the rare oxide 
glucina, a constituent of the beryl. It has usually a peculiar, 
sometimes a very delicate greenish yellow or primrose colour, 
and is then one of the most beautiful of gems. The finer 
specimens are from Brazil. 

The Emerald and the Beryl are one and the same mineral 
— a silicate of alumina and glucina, which owes to a small 
trace of iron its blue, pink, or yellow tints, or else to 
a little chromium the transcendent green which characterises 
it as the emerald. The colour of this beautiful gem is so 
pleasant to the eye that the ancients attributed to it the 
power of strengthening and relieving the sight when fatigued 
by previous exertions. Both from its beauty and rareness 
they held it in high estimation, and Pliny ranks the emerald 
in value immediately after the diamond and the oriental 
Xjearl. In the Egyptian tombs real emeralds are som.etimes 
found as the ornaments of regal mummies, and they have 
not seldom been discovered among the ruins of Rome, or at 
Herculaneum and Pompeii. Scythia, Bactria, and Egypt 
wore renowned among the ancients as the countries which 
furnished the most beautiful emeralds. At present these 
precious stones are obtained chiefly from Hew Granada and 
Siberia, in which latter country they occur of much larger 
size, but of less beauty, and consequently far inferior value. 
The first ((Siberian eihbralds were discovered in the year 1831, 
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in tlie neiglabonrliood of Catbarinenburg, by some peasants, 
while making tar, and other mines were opened in 1834 ten 
versts distant from tbe former. Here was found an enormous 
stone, fourteen inches long and twelve broad, and weighing 
16f lbs. trov, and another superb specimen consisting of 
twenty crystals, from half an inch to five inches long, and as 
much as two inches thick, embedded in a matrix of mica- 
schist. Both these monstrous gems now rank among the 
chief ornaments of the Imperial Mineralogieal Cabinet. 

When the Spaniards conquered Peru, they found nianj’- 
beautiful emeralds in the possession of the natives. The 
largest of these stones, about the size of an ostrich egg, was 
adored as a god in one of the temples, and other emeralds of 
a smaller size placed around it were honoured as its children. 
In their blind fanaticism, the otherwise greedy Sj)aniards 
shivered the god and his family to pieces, but it is more 
than probable that the wisest of the band quietly picked up 
the fragments and afterwards disposed of them to advantage. 
The finest stones used to be found in the valley of Manta ; 
but the Indians kept the mines secret, to avoid being obliged 
to work in them, or perhaps out of hatred against their 
oppressors. At present, the American emeralds are chiefly 
obtained from the valley of Tunka, in the province of Santa 
P6 de Bogota, in New Granada. 

The price of emeralds varies considerably, according to 
their purity, the beauty of their colour, their lustre, and their 
size. Before the discovery of America, they were uncom- 
monly dear, all knowledge of the old mines having been 
lost, so that the emeralds still used as ornaments were all 
ancient. Afterwards then’ value decreased, when a greater 
quantity was imported from Peru; but recently they have 
again risen in price, as America at present furnishes but few 
good stones. A splendid specimen in the possession of Mr. 
Hope, weighing six ounces, cost 600Z. ; another fine American 
emerald belonging to the Duke of Devonshire is two inches 
long, and weighs above eight ounces, but, owing to flaws, it 
is but partially fit for jewellery. 

The Beryl, which exhibits every gradation of tint, from a 
pale azure blue to a fine mountain green, and also occurs in 
a pale orange yeUow variety, is found fn, great perfection at 
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Oduntschilon and Mnrsiiisk in Siberia. A beautifully clear 
crystal, ten inebes long, discovered in the latter locality 
in 1828, and forming part of the mineralogical museum 
at Petersburg, is valued at 8,000L Formerly Brazil and 
Cangayum in the Deccan were in much repute as fields in 
which the beryl was found, and many a brilliant little stone 
has been furnished by the Mourne Mountains in Ireland. 

The Zircon consists of the mixed oxides of silicon and of 
the rare element zirconium, and is one of the heaviest and 
most lustrous of gem-stones. Its colourless variety is the 
nearest match in brilliancy and refractive energy for the 
diamond, while the deep orange-tinted red zircon is that 
transcendent gem, the true hyacinth, which makes a very 
superb ring-stone. 

The Topaz, a silicate of alumina and fluorine, is found 
chiefly in Siberia, Brazil, and Saxony, and is also met with 
in the granitic detritus of Cairngorm in Aberdeenshire. The 
colourless Brazilian variety {Pingo d^agoa, or waterdrop) sur- 
passes rock-crystal in purity and refractive power, and being 
of the same weight as the diamond, is sometimes mistaken 
for it. The pale yellow topaz when heated in a crucible 
assumes a rose-red colour, and is then called by the jewellers 
ruby of Brazil. The Saxon topaz, on the other hand, becomes 
white when exposed to heat, and thus deprived of colour is 
sold for the diamond. In ancient times the topaz was highly 
esteemed ; but, in spite of its beauty, it is not now considered 
of very great value, from its being too frequently found, and 
is sold in the rough for about forty shillings per pound. 

When of a beautiful ‘ forget-me-not ’ blue, and above the 
size of a pea, the Oriental Turquoise, which in inferior 
specimens is but of little value, fetches a considerable 
price, so that fine stones of about half an inch in length are 
worth 15L or 2,01. The turquoise, which consists of phos^Dhate. 
of alumina coloured by oxide of copper, occurs chiefly in the 
mountainous range of Persia, whence it is brought by the 
merchants of Bochara to Moskau ; but the Shah is said to 
retain for his own use all the larger and finely tinted 
specimens. 

Major Macdonald gives the following account of a new 
field for the turquoise which he discovered in Arabia 
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Petrsea. ‘ In the year 1849, during my travels in Arabia in 
search of antiquities, I was led to examine a very lofty range 
of mountains, composed of iron sandstone, many days’ journey 
in the desert ; and whilst descending a mountain of about 
six thonsand feet high, by a deep and precipitous gorge, 
which in the winter time served to carry otf the water, I 
found a bed. of gravel, where I perceived a great many small 
blue objects mixed with the other stones ; on collecting them 
I found they were turquoises of the finest colour and quality. 
On continuing my researches through the entire range oi 
mountains, I discovered many valuable deposits of the same 
stones, some quite pure in pebbles, and others in the matrix. 
The action of the weather gradually loosens them from the 
roch, and they are rolled into the ravines, and, in the winter 
season, mixed up by the torrents with beds of gravel, where 
they are found.’ 

The Occidental or Bone Turquoise, which has generally but 
one-fourth of the value of the oriental, is said to be fi)ssil 
bones or teeth, coloured with oxide of copper. 

The Garnet, a silicate of some base which may be lime, 
magnesia, oxide of iron, or chromium, is in its finer specimens 
one of the most beautiful coloured products of nature’s labora- 
tory. By jewellers the garnets are classed as Syrian, 
Bohemian, or Cingalese, rather from their relative value and 
fineness than with any reference to the country from which 
they are supposed to have been brought. Those most es- 
teemed are called Syrian garnets, not because they come from 
Syria, but after Syrian, the capital of Pegu, which city was 
formerly the chief mart for the finest garnets. Their colour 
is violet purple, which in some rare instances vies with that 
of the finest oriental amethyst; but it may be distinguished 
from the latter by acquiring an orange tint by candlelight. 
The Bohemian garnet is generally of a dull poppy-red 
colour, with a very perceptible hyacinth orange tint, when 
held between the eye and the light. When the colour is a 
full crimson, it is called pyrope or fire-garnet, a stone of 
considerable value when perfect and of large size. Garnet 
is easily worked, and when facet-cut is nearly always (on 
account of the depth of its colour) formed into thin iables, 
which are sometimes concave or hollowed out on^the under 
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side. Cut stones of tMs latter kind, wlien sldlfully set, witli 
a briglit silver foil, liave often been sold as rubies. 

Tbougli Lapis Lazuli, a silicate of soda, lime, and alumina, 
■witli tlie sulpbide of iron and sodium in minute quantities, 
is "witliout transparency, and without mncb. lustre, yet its 
beautiful azure-blue tints, often interspersed with yellow 
specks, and veins of iron pyrites, which, from their brilliant 
appearance in the comparatively dull blue stone, might 
easily be mistaken for gold, entitle it to be ranked among 
the semi-precious stones. The finest quality, which sells in 
the mass for SOL per pound, is used for jewellery, and 
for making costly vases and ornamental furniture. Lapis 
lazuli was also the source from which the beautiful pigment 
ultramarine was obtained ; but this colour is now prepared 
artificially at a very cheap rate. This beautiful mineral is 
found in crystalline limestone of a greyish colour on the 
banks of the Indus, and in granite in Persia, China, and 
Siberia. 

In the long list of the crystalline or hyaline quartzes, con- 
sisting of silex or silica in various degrees of purity, there is 
but one variety, the Noble Opal, that ranks among precious 
stones of the first quality. In this beautiful gem, minute 
fissures are apparently striated with microscopic lines, which, 
diftracting the light, flash out rainbow tints of the purest 
and most brilliant hues. The Noble Opal, which is one of the 
favourite jewels of modern times, was no less highly esteemed 
by the ancients, ^for in this stone,’ says Pliny, ^we admire 
the fire of the ruby, the brilliant purple of the amethyst, the 
lustrous green of the emerald, all shining together in a won- 
derful mixture.’ Por the sake of a magnificent opal, set in 
a ring, and valued at 20,000L of our money, the senator 
Nonius was exiled by Mark Antony. He might have es- 
caped banishment by presenting his opal to the covetous 
triumvir ; but he preferred exHe with his gem to staying in 
Rome without it. 

The Precious Opal is so rare a stone that, with all our 
mining enterprise and geological research, we know of only 
two certain localities for it, namely, in Hungary and in 
Mexico, though some specimens are said to have been found 
in the province of Ilqinduras and in the stormy Peroe Islands. 
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The opal mines of Hungary, situated at Czernewitza, in the 
county of Saros, belong to 'the Crown, and are at present 
farmed hy Herr Goldschmidt of Vienna, for 10,000 florins 
annually. About 150 workmen are employed, and as good 
stones occur but rarely, and are of ^a corresponding value, it 
may easily be imagined that, what with the constant fear of 
being robbed, and that of not being able to cover his expenses, 
poor Herr Goldschmidt is no less to be pitied than Governor 
Pitt while in possession of his diamond. 

The finest and largest opal in the world is in the Imperial 
Mineralogical Cabinet in Vienna. It has the most magnifi- 
cent play of colours, chiefly green and red, weighs seventeen 
ounces, and is irregularly cut, so as not to diminish the mass. 
An Amsterdam jeweller is said to have offered half a million 
of florins for this unique gem. Unfortunately, its large size 
prevents its being used as an ornament, as for this purpose 
it would have to be cut to pieces, which would be an unpar- 
donable piece of Vandalism. '• 

Their relative beauty increases the value of opals so 
considerably that fine stones of a moderate bulk have, in 
modern times, been frequently sold at the price of diamonds 
of equal size. The so-called ‘Mountain of Light,’ an 
Hungarian opal in the Great Exhibition of 1851, weighed 
526^ carats, and was estimated at 4,000Z. The black opals, 
which allow the red fire of the ruby to flash out from the 
dark ground-colour of the stone, are also highly esteemed. 
Besides the commoner varieties of opal, such as semi-opal, 
opal jasper, wood opal, different kinds of quartz crystal, in- 
cluding amethyst, Cairngorm stone, and a long and beautiful 
array of jaspers and chalcedonies, such as agate, onyx, sard, 
plasma, and chrysoprase, may be placed in a list of stones of 
the second degree in point of value, if that value be estimated 
by rarity and price. 

The cutting, or grinding and polishing of most of those 
stones, which are commonly comprised under the name of 
agates, is chiefly carried on in the small towns of Oberstein 
and Idar, situated in the picturesque valley through which 
the rapid Idar flows into the Hahe, a tributary of the Ehinc- 
The sterile soil yeilds but a scanty produce, but the neifdi- 
bouring hills abound in chalcedonies, wjiicli afford the people 
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an ample imdemnity for the barrenness of their land. As 
early as the fourteenth centnry, the art of agate-cntting was 
introduced into this remote Talley, from Italy, where it had 
long been practised ; but for a long time the trade was con- 
ducted in a very rude nlanner. The workmen themselves 
■undertook the sale of their ware, and wandered as X3edlars 
to the neighbouring* castles or towns, where they could hope 
to dispose of their agates to the best advantage. It was not 
before the middle of the last century that the industry of 
Oberstein made a considerable progress. Gold and silver- 
smiths settled in the small town to set the stones as they 
came out of the hands of the grinders, and gradually a more 
■wealthy class of traders was formed, who undertook long 
voyages, and extended their operations to distant countries. 
The fairs of Frankfort and Leipzig were regularly attended 
by the merchants of Oberstein and Idar, and some of them 
even ventured as far as Smyrna or Archangel. The taste 
and the ability of the workmen improved as their market 
extended, but now the want of the raw material began to be 
felt. The neighbouring hills were no longer able to meet 
the demand, the stones continually rose in price, the better 
qualities could hardly be procured, and thus the agate manu- 
factory was menaced with decline, when a fortunate circum- 
stance gave it a new impulse. 

Some of the inhabitants of Idar who in 1827 had emi- 
grated to Brazil discovered in their new home an inex- 
haustible supply of stones. Enormous masses of chalcedony 
were found scattered as boulders near the banks of some 
rivers or disseminated in the plains, and could be sent as 
ballast at a trifling expense across the ocean. Thus almost 
all the rough material that Oberstein needs comes at present 
from Brazil or even India, and only the rarer varieties of 
agate-jas^Dis are at present collected in the neighbourhood of 
Idar. In possession of the best materials, supplied by a 
number of localities, and comprising all imaginable varieties 
of chalcedony — carnelion, plasma, heliotrope, jaspis, rock- 
crystal, amethyst, topaz, lapis lazuli, malachite — and com- 
manding a market which extends further and further over 
the globe, the prosperity of Oberstein and Idar steadily in- 
creases. Qne hundredfand eighty-three water-mills with 724 
K K 
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large grinding-stones), situated along the romantic Idar, give 
employment to about 3,000 workmen, and tlie value of the 
manufactured stones amounts to at least 220,000Z. annually. 

ISTo stones are so porous or so easily coloured by artificial 
means as the varieties of ebalcedony. In juudent timers the 
onyxes from tlie Nerbudda were ‘baked in ovens,’ and to 
this day, in- the neighbourhood of Broocdi, the noduUjs of 
onyx dug in the dry season from the beds of torronts are 
packed in earthern pots with dry goat’s-dung, which is set 
on fire. By this baking j)i-ocess the grty or dark green iron 
hydrate which permeates th<ur pores and gives them a dull 
colour is changed into tho red oxyde, which iinpn-rts to the 
improved stones rich hues of orange and hysicinthino red, 
and the more ornamental of tho mottled onyxes that come 
from Cambay are those thus artificially beautified. 

Tho art of baking and colouring is now fully understood in 
Oberstein. Some agates consist of impermeable white bands 
or layers alternating with others of a grey or dull colour, aiul 
of a porous nature. When idaced in homy and exposed to 
a moderate heat for eight or ten days, tho saccharine matter 
ponetrates into the microscopical pores. Then the stones arc 
boiled in sulpliaric acid, which, carbonising tho Iioney, im- 
parts a deep black colour to the porous lay(*rs whicjh it had 
permeated, and by thus setting off tho white layers to 
best advantage, changes a previously almost worthh^ss stone 
into a beautiful onyx or sardonyx. An Itn,lia.n who came to 
Oberstein to buy rough agates for tho canu'o-cuttors of Romo 
made the Germans acquainted with this mcithod, wliich had 
long been practised by his conntryinen. By oUut (dumiical 
processes, some of which are generally known, whiltj others 
are kept a secret, rich yellow, or applo-groon, or blue tints 
are impaiied by tho agate-dealers of Oberstein to tho rough 
produce of nature. A description of all tho varieties of quartz 
used for ornamental purposes would lead mo too for j hut a 
few words on rock-crystal may not ho uninteresting. 

This beautiful mineral occurs in many varieties, such as 
the violet, rock-crystal, or amethyst, the most beautiful speci- 
mens of which are procured from India, Ceylon, and Persia ; 
the false topaz when yellow, the morion when black, tho 
smoky quartz when smoke-brown. Tfie limpid tvfid colour- 



ROCK-CRYSTAL. 


less kinds are often called Bristol or Irish diamonds after 
the Tarious localities in which fhey are found. Eock-crjstal 
frequently cccurs in the Alps, as is well known to every 
traveller in Switzerland. Small rock-crystals have hardly 
any ‘value, but considerable prices are paid for very large 
specimens, which are accordingly much sought for by chamois- 
hunters and goatherds. About a century since a quartz 
cave was opened at Zinken, which afforded 1,000 cwt. of 
rock-crystal, and at that early period brought 300,000 dollars. 
One crystal weighed 800 pounds. 

In 1867 a party of tourists, descending from the solitudes 
of the Galenstock, discovered, in a band of white quartz tra- 
versing a precipitous rock- wall about a hundred feet above 
the Tiefen Glacier, some dark spots which the guide, Peter 
Sulzer, of Guttannen, declared to be cavities in which un- 
doubtedly rock-crystals would be found. The weather being 
un propitious, no search was made at the time; but a few 
weeks after Sulzer and his son revisited the spot, and after 
having clambered up to the holes with great difficulty, found 
that they communicated with a dark cavity, from which the 
intrepid explorers extracted some pieces of black rock-crystal 
with the curved handles of their alpenstocks. 

In the August of the following year the Sulzers, accom- 
panied by a few friends from Guttannen, to whom they had 
imparted the secret, made a more decisive attempt to force 
their way into the cave, by widening the entrance with gun- 
po’svder. To clamber and maintain one’s position on a 
nearly vertical rock on ledges only a few inches broad is at 
all times a matter of no small difficulty ; but this difficulty 
is very much increased when at the same time the hammer 
and other implements for blasting are to be handled. The 
weather was also very bad, and every now and then a dread- 
ful gust of wind threatened to hurl the hardy adventurers 
from the rock upon the glacier. Hail and rain stiffened 
their limbs ; and thus they passed a miserable night closely 
huddled together on a narrow projection before the cavity. 
Wet to the skin, and their teeth chattering with cold, they 
resumed their labours on the following morning, and at length 
sufficiently widened the entrance to open a passage into a 
cave which was found to penetrate to a considerable depth 

K K 2 
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into tlie moimtam. The cave was filled nearly up to its roof 
with a mound consisting' of pieces of granite and quartz 
mixed with chlorite sand ; hut here and there, imbedded in 
the rubbish, glistened the large planes of jet black morions 
which showed that their toil had not been fruitless. Origin- 
ally the crystals had grown from the sides or the roof of the 
cave ; and who can tell the ages that were required for their 
formation, or the mysterious circumstances that favoured 
their growth? — then at an equally unknown time the concus- 
sion of an earthquake, or maybe their own weight, had 
detached them from the rock to which they clung, and pre- 
cipitated them upon the floor. Upon the whole more than a 
thousand large crystals were found in the cave, many of them 
weighing from fifty pounds to more than three cwt. 

After the first explorers had collected about a ton, the 
whole able-bodied population of Guttannen, provided with 
liammers, spades, ropes, baskets and trucks, came forth to 
carry away the remainder. As the report had spread that 
the Canton of Uri, on whose territory the cave was situated, 
intended to stop their proceedings, they worked night and 
day with feverish haste, and in the space of a week had en- 
tirely stripped it of its treasures, which were partly conveyed 
to the new Furca Eoad, and partly transported over the gla- 
ciers to the Grims'el. One of the party fell into a crevice 
with a crystal of a hundred pounds upon his back, but extri- 
cated himself, though he was obliged to abandon his prize. 
Thus when the authorities from Uri made their appearance 
on the spot, nearly all the crystals had been removed out of 
their reach. Seven of the finest specimens, each rejoicing in 
an individual name, like the mammoth-trees of America, now 
form a magnificent group in the museum of Berne, to which 
they were sold for 8,000 francs. The ‘king,’ 32 inches high 
and 3 feet in circumference, weighs 255 pounds ; the ‘ grand- 
father,’ though of inferior height, makes up for this deficiency 
by a superior ghth and weighs 276 pounds. Many other 
fine crystals were sold to various museums and private col- 
lections for six or seven francs per pound, so that Sulzer’s 
discovery will long be gratefully remembered in the annals 
of the poor village of Guttannen. 
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Benedict, St., his cave near Subiaco, 180 
Burchlosgaden, salt mines of, 436 
Bergmann, his exjperiments with plati- 
num, 382 

Borguen, Louis von, di.scovers the art of 
cuiting diamonds, 478 
Beryl, the, 491, 492 

Bethlehem, Ghurch and Grotto of tho 
Nativity at, 188 

Bowiek, Thomas, a coal-hewer in early 
life, 419 

Bihan-el"Moluk, the royal tombs of 
Theboa, 202-204 

Biseayana, Veta de la, silver mine of, 304 

— its groat wealth and subsequent uban- 

doumont, 304 
Billiton, tinstone of, 336 
Birds, cave-haunting, 160 
Birmah, mud volcanoes of, 93 

— rock temples, 184 
Bismuth, first mention of, 383 
■ — whence furnished, 383 
Bituminous substances, 426 

Black Country, iron furnaces ofXlio, 351 
Black lead. ;S'c» Plumbago. 


BRI 

Bhist furnaces for iron, 352 

— benefits of the hot-, 353 

Blasting in mines and its dangers, 268- 
260 

Bleyberg-^-Montzen, lead mines of, 367 
Blothrus spelaeus, of the Cave of Adels- 
berg, 163 

— its pursuit of the cavern-beetle, 163 
Blowers in coal-mines, 279 

Bogs, effects of bursting of, 130 
Bohemia, ice-caves of, 197 

— gold coins of, 287 

— gold of. 288 

— silver mines of, 299 

— their produce, 300 

— tin mines of, 336 

— iron mines of, 358 

— coal-fields of, 426 
Bolivia, active volcanoes of, 61 
Bolsena, Lake of, formed in the extinct 

crater of a volcano, 67 
Bonifacio, in Corsica, caverns of, 144, 145 
Borax, or borate of soda, former chief 
supply of, 459 

— obtained as a crude substance in various 

places, 469 

— the sufifioni of the Florentine lagoons, 

460 

Boring for minerals, 249 

— Williams’s account of the emotions of 

the boring party, 249 

— mode of operation, 260, 251 

— prices in the North of England for 

boring, 250 note 

— implements used for boring, 250 
Borneo, diamond mines of, 480 
Borrowstoness Colliery, 410 

Bosio, Anthony, his discovery of the cata- 
combs, 209 

Boston, in America, smelting- houses of 
tho Bay of, 328 

Botallackmiue, in Cornwall, 317-319 

— the blind minor of, 319, 320 
Bourbon, Isle of, volume of the lava 

stream of the eruption of 1787, 75 
Bracciano, Lake of, formed in the extinct 
crater of a volcano, 67 
Brachiopods of tho Silurian sous, 12, 13 
Braclstein, ico-cave of. 197 
Brazil, ossiferous caves of, 216 

— iron-ores of, 363 

— lead mines of, 367 

Bressay, islet of, its marine caverns, 142 
Breton, Cape, rain-drops of the Carboni- 
ferous period preserved at., 29 
Brienz, village of, twice burned by a land- 
slip, and twice reconstructed, 127 
Brilliants, 479, 484 
Britannia metal, 335 

— manufacture of, 383 

Brittany, traces oF doprossioii of the laud 
on the coast of, 37 
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BBI 

Drixhaia, 'bone-caves of, 227 
Drouzp, an alloy of copper and tin, 332' 
— implements of, found in Switzerland, 
332 

Brownhill, in North America, bituminous 
coal-field at, 424 

Brule, near St. Etienne, burniug coal-mine 
at, 283 

Brunswick, New, coal-fields of, 424 
Buch, Leopold yon, bis observations as to 
the rise of the land of Sweden, 35 
Bud6shegy,in Transylvania, sulphur caves 
of the mountain, 446 
visit to the caves of, 446 
Bufador, or the water-spout of Pone L ima . 
146 

Buffalo, food of the, 26 
Burgbrohl, carbonic acid gas spring of, 
and quantity it produces, 88 
Burra-Burra copper mine, in Australia, 
329 

Busingen, destruction of the village of. 

124 ® ’ 

Bustamante, Don Jose, his draining gal- 
lery, 304 ^ ^ 


C ADIZ, effects of the great earthquake 
of 1755 on, 117, 118 

Cadmium, discovery and uses of, 386 
Calabria, earthquake of 1783 in, 98 ' 

— conduct of the peasants in, 99 
— movement of the sea during the earth- 
quake, 107 

— ^ni^ original shock of 1857, 

Calamine, zinc produced from, 380 
worked in Prussia, Belgium, and Eng- 
land, 381 & 1 

Calamites nodosgs, 393 
Caldera, _ copper mines of, 326 
California, upheaval of the land at, 34 
— discovery of gold in, 288 

immense flood of emigration into, 289 
— gold washing at, 295 
— copper mines of, 328 
— iron discovered in, 36,2 
— quicksilver of, 378 
^*210^'^^' catacomb of, discovery of the, 

Camborne, copper mines of, 317 
Cambrian rocks, antiquity of the, 2, 3. 10 
— fossils of the, 10, 11 
Cambyses, his enormous wealth, 286 

<iifferent kinds of stone of the, 

Canada, iron pyrites of, 448 

Canary Islands, earthquakes of the, 100 

“ orateriform hollows, of the. 


CAT 

Cane, Grotto del, cruel experiments on 
dogs at, 89 

Canstadt, in Wnrtembnrg, mills kept at 
work in winter by Artesian wells, 50 
Oapae Urcu, the volcanic cone of, blown 
to pieces, 67 

Caraccas, town of, destroyed by an earth- 
quake, 131 

Carbonic acid gas springs, 88 

— those of Germany, 88 
Carboniferous period, fishes of the, 13 

— vegetable and animal remains of the, 

14, 18 

~ insects of the, 15 

rain-drops of the, preserved at Sydney, 
ip Cape Breton, 29 

— proof of the density of the atmosphere 

of the, 29 

— plants of the, 39] 

Carburetted hydrogen, springs of, 90-93 
Oarclaze tin mine, 341 ' 

Cardiganshire, lead mines of, 366 
Cardona, rock-salt of the valley of, 437 
Oardrew mine, in Cornwall, drainage of. 

270 _ ® ’ 

Carguajrazo, fish disgorged from the .erup- 
tion of the volcano of, 69, 70 
Carinthia, dollinas and jamas of, 130 

— subterranean water-courses of, 160 

— fungi of the caves of, 168 

— iron of, 368 
Carlsbad, hot springs of, 43 

Carmel, Mount, grotto of the propnot 
Elijah on, 188 
- church on. 188 

Carniola, dollinas and jamas of, 1 30 

— subterranean water-courses of, 160 
Camon, near Edlmouth, tin-stream of, 338 
Carrara marble, origin of, 4 

— quarries of, 465 

situation of the quarries, 465 

— the town of, 465 

Carron iron-works established, 350 
Carson river, silver mines near the, 314 
Cas^ General, his report on the copper 
mines of Lake Superior, 328 
Cassiterides, or tm islands, Herodotus’ 
mention of, 333 

Cassotis, at Delphi, antiquity of the, 

m’ manufacture of alum 

at lolia, 458 
Catacombs of Eome, 205 
gallery with tombs, 206 
sepulchral inscriptions, 209 

— Bosio’s discoi^ry of the catacombs, 209 

— Cavdliere de Eossi’s researches, 210 

-partly^estroyedby tin Ing, 7S 
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CAT 

Catorce, Alamos de, silver mine of, 303 
Caucasus, mud volcanoes of the, 93, 95 
— earthquakes of, 100 
Cavern-roofs, falling in of, causing land- 
slips, 129 

Caves, in general, 133 
• — their various forms, 133 
■ — natural tunnels, 133, 134 

— dimensions of, 1 35 
discovery of, 135 

— the various rocks in which they occur, 

136 

• — marine, 142 

— volcanic, 146 
' — rivers, 149 

— vegetation, 156 

— subterranean animals, 159 

— as places of refuge, 169 

— hermit caves and rock-temples, 178 

— subterranean places of worship, 181 

— ice-caves and wind-holes, 192 

— rook-tombs and catacombs, 202 

— with hones of extinct animals, 213 

— subterranean relics of preblsioric man, 

221 

— troglodytes, or cave-dwellers, 231 

— <?ave of St. Peter’s Mount, near Maes- 

tricht, 470 

Celsius, his observations of the rise of 
the land in Sweden, S3 
Cemeteries, rock-hewn, of Egypt, 204, 
205 

Oenis, Mont, railway tunnel through, 
238-240 

— machines for boring tbe, 238, 239 

— mode of proceeding, 238-240 
Cervus megaceros, the, of Ireland, 28 
Ceylon, rock-temples of, 184 
Olialcedony, 497 

Chaldsea, silver mines of, 298 
Chalk group, star fish of the, 1 8 
Charlemagne, imperial mantle of, 478 
Cheshire, salt mines of, 431 
Chili, number of active volcanoes, 61 

— great earthquakes of, in 1885, 79 

— earthquakes of, generally, 100 

— effects of the earthquake sea-ware 

after the shock, 108 

— silver mines of, 313, 314 
■ — copper mines of, 326 

— lead mines of, 367 

China-clay, or kaolin, how formed, 460 

— mode of treating it, 460 

— - export of, from Cornwall and Devon- 
shire, 461 

‘Chinaman’s Hole,* gold diggings at, 
292 

Chinese, their use of springs of carburet- 
ted hydrogen, 90, 91 
■ — at the Australian gold diggings, 291 
— - their discovery of gold near Mount 
Ararat, 294 • 


COG 

Choke-damp, or hlack-damp, 278 

— destruction caused by, 281 
Choquier, hones of extinct animals found 

in the cavern of, 214 
Christians, tombs of the early, near Eome, 
207, 208 

Chrome, uses of, 385 

— discovery of, 386 

— whence obtained, 386 
Chrysoberyl, or oriental chrysolite, 491 
Chuquibamha, height of the volcauo of, 

54 

Cinnabar, uses of, in early ages, 370 
Cirknitz Lake, the Proteus first discovered 
in the, 164, 165 

Clara, Boveda cle Santa, at Almaden, 372 
Cleveland district, iron manufacture of 
the, 354 

Olausthal, length of the argentiferous 
veins of, 247 

— great adit levels of the mines of, 270 
Clodins, Eoman praetor, defeated by 

Spartacus at Vesuvius, 82 
Coal and coal mines, 245, 246 

— age of, 390 

— plant of the Carboniferous nge, 391 

— extent of the coal seams, 395 

— vast time required for the formation of 

the coal-fields, 395 

— the probable mode of formation, 396 

— derangements and dislocation of coal 

beds, 397, 398 

— separation of a coal-field into small 

areas by dykes or faults, 399 

— bituminous and non-bituminous coals, 

401 

— chief coal-producing countries of the 

world, 402 

— the coal-fields of Great Britain, 402- 

422 

— the hewers and their work, 416, 418 

— other workmen, below and above the 

pit, 416, 417 

— early knowlege of coal, 419 

— its use prohibited by Edward I. in 

London, 419 

— the trade in coal in the middle of the 

seventeenth century, 420 

— increase in the demand and supply, 420 

— the question of the duration of our 

coal fields, 420 

— coal-fields of foreign countries, 422- 
425 

Coal-hewers of the North of England, 414 

— at work, 416 

— how they are paid, 416 
Coalbrookdale, iron manufacture in, 349 
Coal-cutting machines, 415 

Cobalt, name of, 384 

— uses of, and whence obtained, 384 
Coca, stimulating properties of, 311 
Cochin China, rock temples of, 134 





606 


liTOEX. 


Coifis, the oldest known gold, 287 
Collieries, casualties in, 245 

— drainage of the water in, 272 
Colossochelys Atlas, gigantic proportions 

of the, 24 

Columbia, mud volcanoes of, 93 
Columbia, British, gold-fields of, 293 
— • coal-fields of, 424 

Consolidated mines in Cornwall, amount 
of sinking in the, 261 
Conto, Monte, landslip of the, 127 
Copal- tree, resin at the foot of the, 451 
Copiapo, in Chili, discovery of silver at, 
248 

— silver mines of, 313 

Copper, name and antiquity of, 315 

— how found, 316 

— its uses and compounds, 316 

— mines of-Cornwall, 316, 317 

— ores and process of smelting, 320, 321 

— mines of Sweden, Germany, andKussia, 

322-326 

— those of America, 326-329 

— and of Australia, 329 

— history of some of our copper mines, 

329 

— lodes of Cornwall, 337 
Copperopolis, copper mines of, 328 
Coquimbo, copper mines of, 326 
Corals, primeval, 16 

Corneale, Cave of, colossal stalagmites of 
the, 140 

Cornwall, mines of, 316 

— tin mines of, 336 

— persons employed in them, 343 

— zinc produced in, 382 

— China-clay of, 445 
Corsica, marine caves of, 145 

Cort, Mr., his improvements in ircn manu- 
facture, 350 
Corundum, 489 

Cosiguina, phenomena of an eruption of, 
65, 67 

— destruction caused by the eruption of 

1835, 67 

Cosmo III., Grand Duchy of Tuscany, 
burns a diamond, 479 
Cotopaxi, shape of, 53 

— enormous stones hurled by an eruption 

of, 66 

— phenomena of the eruption of 1803, 69 
' — noises heard 109 miles off during an 

eruption of, 104 

Cretaceous period, fossils of the, 19, 22, 23 

— causes ot landslips in the, 129 
Crete, labyrinth of, 174, 175 

— consecrated caves and grottoes to 

Zeus in, 187 

Crimea, mud volcanoes cf the, 93 
Lrmnis Copper Mine, Old, abandoned but 
reworked, 329, 330 
Criiioids, or soa-lilies, fossil, 17 


DEN 

Croesus, his enormous wealth, 286 
Crookes, Mr., his discovery of thallium, 
388 

Crowe, Mr., of Hammerfest, forms a 
copper-raining company in Norway, 324 
Crustaceans of the Silurian seas, 11, 12 

— cawerii, 163, 167 
Cuba, copper mines of, 329 

— iron ores of, 363 

Cumana, destruction of the town of, by an 
earthquake, 102 

— sounds aGcompanying the shocks, 103 
Curtis, Thomas, his difficult work in the 

Huel Wherry tin mine, 339, 340 
Cuthbert, St., his cave on the coast of 
Northumberland, 180 

— account of him, 180 

— ‘beads of St, Cuthbert,’ 180 
Cyclops, troglodytie carerns of the, at the 

base of Mount Etna, 232 
Cyprus, ancient silver mines of, 208 
Cyrus, enormous treasures accumulated, 
by, 286 

Cyzicus, the oldest known specimen of a 
gold coin of, 287 


D AHRA, French atrocities at the caves 
of the, 176 

Dalecarlia, iron ores of, 360 
Dalmatia, dollinas and jamas of, 150 
— subterranean water-courses of, 160 
Dalton-le-Dale, drainago of the coal-mino 
of, 272 

Dambool, rock- temple of, 184 
Dammara australis, masses of rosin at the 
base of the trunk of tlie, 451 
D.ina, Professor, his views respecting 
volcanoes, 79 

Dannemora, iron-works of, 360 
Dantzig, amber found near, 449 
Darien, platinum discovered ut, 382 
Darius liystaspis, his enormous woalUi, 
286 

Davy, Sir Humphry, his safety-lamp, 280 
— his discovery of albuniiiiiuiu and 
magnesium, 387 
— and of sodium, 388 
Delgada, Punta, in the Island of San 
Miguel, 147 

Delphi, subterranean hollow under Ilia 
tripod of the priestess of, 187 
Dernidoff, Prince, his copper mines, 326 
— his iron mountain in the Oural. 357. 
3o8 

Denbighshire, load mines of, 366 
Derbyshire, lead mines of. 366 
Denmark, enormous antiquity of the peat 
mosses of, 221 

— ■ remnants of a former vegetution and 
articles of human workmanship foiuid 
in the mosses of, 222^^ 
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DEN 

D^.JJJwark — continued. 1 

■— the ‘ shell-mouuds’ of, 222 
Depressions, subterranean, 34, 36 

— suhnaanne forests in various places, 36 

— evidence of depression, 36, 37 

— probable causes of, 38 
Derbj'shire spar, 469 

Devon Great Consols Mines, success of the 
copper mines of, 330 
Devonian period, fishes of the, 13 
Devonshii’e, tin mines of, 33fi 

— miners and wages of, 343 

— china-clay of, 460, 461 
Diahlercts, falls of the, 121 

— escape of a peasant from his living 

tomb in the, 122 

— causes of the phenomenon, 123 
Diamond, the, 477 

— diamond- cutting, 478 

. — rose diamonds and brilliants, 479 

— destroyed by heat, 479 

— stones of India and Brazil. 480 

— the Russian diamond, and the Pitt or 

Regent diamond, 485 

— that of the GrandDuko of Tuscany, 485 
—•the Koh-i-hfeor,-48’6 

. — diamonds and diamond-dust used for 
industrial purposes, 489 
Dinornis, size of the. 28 

— ProfessorOu en’s resuscitation of the, 21 7 
Dinothermm, size and characteristics of 

tho, 23 

Diodorius Siculus, his account of the tin 
ti’ade of Britiin, 333 
Diving rod, the, 248 

— how used, 249 
Dolcoath tin mine, 337 
Dolox’es, mine of, 303 

Domingos, San, in Portugal, Boman mines 
of, 448 

— now worked by the Baron of Pom- 

■morao, 448 

— account of the works, 448 

Donati, Vitaliano, his account of the fall 
of a mountain, near Sallenches, 122 
Doncaster, gigantic fungus in a tunnel 
near, 158 

Donegal, bursting of bogs in, 131 
Droitwich, salt-works of, 432 
Drontheim, or Tronyem, city of, 324 
Dudley, Lord, establishes iron-works near 
Stourbridge, 349 

Dufan. in Arabia, su’plnir of the, 446 
Dukinfield colliery, depth of, 247 
Dunfermline, monastery of, obtains a 
licence to dig coals, 419 
Durham, coal-fields of, 403, 407 
Dyeing, use of tin in the processes of, 335 


I EARTHQUAKES, precedljjg volcanic 
eruptioul, 65 


ENO 

Earthquakes — con tinned 

— volcanoes considered as tho safety- 

valves of, 78, 79 

— but sometimes accompany volcanic 

eruption, 79 

— extent of misery caused by, 97-99 

— the horrors of, increased by man, 99 

— the progress of civilisation retarded by, 

99, 100 

— regions to which they are confined, 100 

— duration of the shocks, 101 

— indications of coming, 102 

— sounds accompanying, 103 

— sounds unaccompanied by movement of 

the earth, 101 

— vertical or undulatory motion of 

shocks, 104 

— extent and foi’ca of the seismic wave 

motion, 105, 106 

— movements of the sea in, 106, 107, 

117 

— extent of the wave motion, 109 

— changes caused by in the configuration 

of the soil, 109, 110 

— causes of, 111 

— pfobable depth of the focus, 111, 112 

— opinions of Sir 0. Lyell and Mr. 

Ponlett Scrope, 112 

— effects of an, on man and animals, 

112,113 

— account of the great, at Lisbon, 114 
Egg, Isle of, atrocities of the Macloods 

in the cave of the, 171 
Egypt, rock-temples of, 184 

— tombs of the kings in Thebes, 202-204 

— compared to an iron furnace, 347 

— quarries of, 474, 475 

Elirenlerg, his discovery of the animated 
dust of the Harmattan, 156 
Eifel, volcanic district of the, 68 

— carbonic acid gas springs of the, 88 

— crateriform hollows, or maare, in tlie, 

131 

Eileithyia, rock-hewn cemeteries of, 205 
Eimeo, hole in the island of, 133 

— tradition respecting this hole, 133 
Elba, iron industry of, 362 
Elephanta, rock-temples of, 184 
Elevations of the land produced by earth- 
quakes, 111 

Elfdal, porphyry of, 467 
Elbra, rock-temples of, 183 
Emerald, or beryl, 491, 492 
Emery, whence obtained, 463 

— total production of, 463 
Emmanuel, St., church of, in Abyssinia, 

187 

Ems, hot springs of, 43 
Enamel, materials used for, 335 
Encrinites lily, called ‘ St. Cuthbert’s 
bead's,’ 181 

Encrinus liliiformis, fossil, 17, 18 
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ENa 

Engihou], human remains in the cavern.- 
of, 226 

— Dr. Schm el-ling’s explorations, 226 

— Sir C. Lyell’s, 227 

Eugis, human bones discovered in the 
cavern of, 226 

Engines, stationary, used in mines, 263 
England, subsidence of the land on the 
west and east coasts of, 36, 37 

— effects of a violent earthquake in," 100 

— shocks felt in, at various times, 100, 

101 

— effects of the great earthquake of 1765 

in, 118 

— the extinct hyena of, found in caves, 

214 

— ossiferous caves in, 227 

— flint instruments found in, 231 

— main causes of the prosperity of, 245 

— copper mines of, 316 

— manufacture of iron in, 349 

— lead mines of, 365, 866 

— zinc produced in, 381, 382 

— vast deposit of coal of, 402, 403 

— and their convenient distribution, 403 

— extent of the Great Central Coal-field, 

406 

— quarries of, 464 

Eozoon canadense, the only fossil found 
in the Laurentian rocks, IC 

— its extreme antiquity, 10 

Epomeo, volcano of, its long periods of 
rest, 58 

Erasinos, in Greece, antiquity of the 
spring of, 44 

Ernst August Stollen, in the Harz, 271 
Erzberg, or iron mountain, in Styria, 
368 

— works at, and produce of, 359 
E‘<quimaux. their iron implements, 347 
Estrallo do Sul, or Star of the South, dia- 
mond, 487 

Etna, Mount, M. Houel’s exploration of 
the crater of, 65 

— streams of lava in the eruption of 1669, 

70 

— numbers of parasitic cones on the 

flanks of, 72 

— rate of progress of the lava-stream of 

1699, 72 

— retention of heat in the lava-stream 

of 1832, 73 

— the Fossa della Palomba on, 147 

— ice-caves of, 198 

— troglodytic caverns of the Cyclops at 

the base of, 232 
Inripides, his triumph, 476 
lurope, volcanoes of, 61 
lurypterids, of the Silurian seas, 12 


PUN 

TlAHLUN, horses used in the copper 
JD mines of, 262 

— narrow escape in the mine, 264 

— copper-mine of, 322 

— ore of the mine, 323 

— the preserved body found in, 323 
Eerdihand, Archduke, his visit to the 

Cave of Magdalene, 1 66 
Eez, effects of the earthquake of 1755 at, 
118 

Fingal’s Caviji, Sir W. Scott’s description 
of, 143 

Fino, Don Andrea del, narrative of, in an 
earthquake, 99 

Fire, its eternal strife with water, 1, 2 

— the subterranean forces, 7 
Fire-damp, or carburetted hydrogen, 278 

— fatal explosions caused by, 281 

Fish disgorged by volcanoes from cavorns, 
69 

— blind cavern of the Mammoth Cave of 

Kentucky, 168 

— of the Upper Silurian group, 13 

— destruction of vast numbers of, by 

volcanic eruption, 15, 16 
Flintshire, lead mines of, 366 ^ 

Flores, Padre, his silver mine of ‘ La 
Bolsa de Dios Padre,’ 30 1 
Florins, or fiorini, origin of, 287 
Foutaine-sans-fond, the, near Sable, 149 
,<’ootprints of former ages, preservation of, 
28, 29 

Forests, submarine, in various places, 36 
Fossils, chronological importance of, to 
the geologist, 5, 6, 8 

— extinction of species, 9, 10, 14 

— those of the oldest and later periods, 

10-29 

Fountains, artificial, principle on wliicli 
they are constructed, 42 

— of larva, 71, 72 

— of marine caverns, 146 

Foxdale, lead mine, inthelsle of Man, 366 
Frais Puits, phenomena of the, 160 
France, effects of the great earthquake of 
1755 in, 118 

— till mines of, 336 

— consumption of coal in, 423 
Frauonmaiier Mountain in Upper Styria, 

ice-cave of the, 196, 197 
Fredonia, town of, lit by springs of 
carburetted hydrogen, 90 
Freiberg, drainage of the mines of, 270 
French, their atrocities in the Cave of 
Longara, 170 

— their cruelty in Algeria, 176 
Frio, Serro do, diamonds of the, 480 
Fuegians, ‘shell mounds’ of the, 222 
Fumaroles or steam-jets of volcanoes, 63 

— those of Jorullo of 1759 seen in 1803,74 
Fungi, sabl;prranean, 157 

— Scopoli’s 'description of, ^57 



INDEX. 


609 


FTOT 

Fun gi — continued. 

— gigantic one at Doncaster, 168 

— the artificial mushroom-beds near 

Paris, 168 

Furnaces, reverberatory, 321 


G ALLIOIA, salt mines of, 436 

Q-anoid fishes of the Upper Silurian 
group, 13 
Garnet, the, 494 

Garnock river bursts in;.o a, ebUiery, 276 
Gas-springs, 88 

Gellivara, in Swedish Lapland, mounds of 
magnetic iron-ore at, 360 
Gems, superstitious power of, 477 
Geological revolutions, influence of, on 
the earth-rind, 1 
— tabular geological profile, 3 
— periods of geological formations, 5 
— the same mineral substances in the 
oldest and newest formations, 5 
— guidance of the geologist in ascertain- 
ing the periods of the formations, 6 
— a continuous development to more 
^ highly organised species, 6 
Georges, St., ice-cave of, 192 
- entrance to the glaci^re of, 201 
Georg Stollen, great adit levels of the, in 
the Harz, 270 

Germain, St., artificial mushroom-beds at, 
168 

Germany, effects of the great earthquake 
of 1766 in, 118 
— copper mines of, 325 
— load mines of North Germany, 365 
— coal-fields of, 422 
— consumption of coal in, 423 
— quarries of, 464 
Gibraltar, Kock of, monkeys of the, 24 
Girgenti, town and trade of, 442 
— the sulphur mines of, 442 
Glass, stained, colours of, how formed, 
335 

Glenmalure, lead mines of, 366 
Glyptodon, size and characteristics of the, 
26 

Goaves, or old workings in coal mines, 
fire-damp in, 279 

Geoppert, Professor, his ohservations on 
tire extinct amber-tree, 451 
Geothe, his remarks on the great Lisbon 
earthquake, 119 

Goffim, Hubert, his heroism, 275 
— his future career, 276 
Gold, antiquity of man’s knowledge of, 
285 

— the story of the Golden Fleece, 286 
— statues of gold in ancient temples, 285 
— quantities of gold possessed by ancient 
monarchs, 286 

— - earliest use ^f the metal, 28f 


GYP 

G:o\di— continued. 

' — auriferous land of the Iberian 
peninsula, 288 

— California and Australia, 288, 289 

— British Columbia and other places, 

293 

— localities in which gold is deposited, 

293, 294 

Goldau, Vale of, devastated by a land- 
slip, 123 

— destruction of the village of, 124 
Golden Fleece, story of the, 285 
Golubinas, or pigeon-holes, in Dalmatia 

and Carniola, 130 

Goniatites of the Carboniferous period, 18 

— extinction of the, 18 

Good Hope, Cape of, upheaval of the 
land, at the, 34 

Gorobladgodat, Kuschwa, platinum of, 382 
Gortyna, in Crete, labyrinth of, 174, 175 
Gosforth Colliery, 409 
Gothard, Mount St., proposed tunnel 
through, 241 
Gower, bone-cave of, 228 
Grace Dieu, glacifere of, 192 

— stalagmites of ice in the, 193, 194 
Graham’s Island, volcanic formation of, 69 

— its disappearance, 69 

Granada, New, extent of the wave-motion 
of an earthquake, 105 
Granada, in Spain, destruction of the 
Moors of, 173 
Graphite. See Plumbago. 

Grasshopper, wing of, of the Carbonife- 
rous period, 15 

Greece, subterranean water-courses of, 1 60 

— consecrated eaves and grottoes of, 187 
Greenhouses kept warm by water from 

Artesian wells, 60 

Greenland, evidence of subsidence of the 
land at, 37 

Grenelle, heat of the Artesian well of, at 
various depths, 32, 49 
Grenier, Mount, landslip of, 127 
Grosmont, iron manufacture of, 355 
Guacharo, the Cueva del, 160, 161 
Guacharo, a troglodytic bird, 160, 161 

— wholesale slaughter of, by the Indians, 

161,162 

— where found, 160, 162 
Gualgayoc, the ventanillas of, 133 
Gualgayoc, Cerro de San Fernando do, 

silver mines of, 309, 311 
Guanaiuato, subterranean noises heard 
at, without earthquake, 104 
Guanaxuato, rise of the town of, 302 
Guatemala, volcanoes near the town of, 61 
Guadiana, engulfment of the river, 150 
Gunpowder, amount of, used in blasting 
in mines, 260 

Gwennap, copper mines of, 317 
Gypsum, origin of, 4 
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HAG 

H AG&AE Silsilis, in Egypt, qxiarries 
of, 475 

Haiti uplieaval of the land at, 34 
Harm, Professor, a coal-hewer in early 
life, 419 

Hanover, iron manufacture of, 357 
Harmattan, animated dust of the, 156 
Hartlepool, export of coal from, 413 
Hartley, Colliery accident in the, 253 
Harz Mountains, subterranean flora of the, 
158 

— ice-oaves of the, 197 
— great adit levels of the mines in the, 270 
Haussmann, Professor, his %’isit to the 
Norwegian copper mine of Eoraaa, 324 
Hawaii, eflfect of the eruption of Manna 
Loain 1840, 76 

— effects of an earthq^uake sea-wave at, 
109 

Heat, subterranean, 31 
— zone of invariable temperature, 31, 32 
— increasing temperature at a greater 
depth, 32 

— rate of increase, 32 
— proof everywhere of a subterranean 
source of heat, 32 

Heaton, accident at the colliery of, 273 
Herculaneum, destruction of the town of, 
81-85 

— the mud-stream which caused the de- 
struction, 85 

discovery of the hurled town, 86 
Hermits, caves of, 178 
Hermits, nnmbers of, in rock-caves and 
huts in the East, 179 
Herodotus, his mention of the Cassiterides, 
333 

Hetton Colliery, ventilation of the, 278 
Hi era, volcanic island of, 60 
Hilda, St., collieries and galleries of, 410 
Himmelfiirst, in Saxony, silver-flelds of, 
299 

Hindostan, coal-fields of, 424 
Hoffmann, G. F., his description of the 
subterranean fl,ora of the Harz Moun- 
tains, 158 

Holland, earthquakes felt in, 101 
— effects of the great earthquake of 17 55 
in, 118 

Homer, tin ornaments mentioned by, 332 
Honduras, coal-fields of, 424 
Horses used in mines, 262 
Hot-springs in the frozen lands as well as 
in the tropics, 33 

— as a vent of subterranean beat, 33 
Houal, M., his dangerous exploration of 
the crater of Mount Etna, 55 
Hewitt, ’William, his description of ship- 
ping coal on the Tyne, 412 
Huancayo, the Franciscan monk of, 313 
Huatnlco, fountains of marine caverns in, 
146 


IRQ 

Huel Wherry, rise and fall of the tin-mine 
of, 339 

Humboldt, M , his visit to the volcano of, 
Kucu-Pinchincha, 55 

— his treatise on subterranean fungi, 153 

Huancavelica, quicksilver mine of, 378 

Hungary, ice-caves of, 197 

— salt mines of, 436 

Hutton, Dr., a coal-hewer in early life, 41 9 

Hydraulic mining in California, 295, 
296 

Hydrostatic laws regarding the flow of 
springs, 40, 41 

Hyena, remains of, found in caves, 213, 214 


BAERA, supposed cause of a fever at, 
70 

Iberian peninsula, auriferous land of, 288 
Ice, eflfect of the meeting of a lava-stream 
with, 74 

Ice-caves and their phenomena, 193-201 
Iceland, volcanic formation of, 4 
Iceland, geysirs of, 45-48 

— Bunsen’s theory of the causes of the 

geysirs of, 47, 48 

— volcanoes of, 61 

— mud-Toleanoes of, 93 

— ice-caves of, 198 

Ichthyosaurus communis, characteristics 
and size of the, 20, 21 

— where found, 22 

Idria, fungi of the mines of, 165 

— quicksilver mines of, 373-378 
Iguanodon, size and characteristics of the, 

22 

Iktis, island of, mentioned by Diodorus 
Siculus, 383 

Hezk, rock-salt deposit of, 438 
Illinois, coal-fields of, 424 
India, mnd-volcanoes of, 93 

— rock-temples of, 181 
Indiana, coal-fields of, 424 

Indies, West, earthquakes of, 100, lul 
Insects enclosed in amber, 462-465 
Ipsamboul, rock-temple of, 184 

— Warburton’s description of it, 184-186 
Ireland, effects of the great earthquake of 

1755 in, 118 

— coal-fields of, 404 

— why they are so little worked, 404 
Iron, its value, 345 

— its wide diffusion, 345 

— meteoric iron, 347 

— ancient knowledge of, 347 

— extension of its uses in modern times, 

348 

— British iron production, 348 

— smelting, 349 

— the hot blast, 353 

— the Cleveland district and the trade of 

Middl&horough, 364 
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lUO 

Iron— coni imird. . 

Iron, innoutifc and valuo of clio British 
iron (,rado, 35fi 

Iron, other atalistica of tho triido, 35(5 
prndurtion of foreign countrios, 357-- 
303 

irtysch.-coppov and cnui near the, 326 
[aalco, formation of tho volcano of,’ 69 

— in a constant state of eruption, 62 
[sealonga, in Basilicata, cavo-dwollings of, 

234 

Iscirlohn, in Westplialia, discovery of a 
cavorn at, 136 

Ispioa, Val d’, cave-dwellings in tho, 232 
Istria, suhteiTniieiin waler-eourscs of, 160 
Italy, tnnd-voleanoeH of, 93 
. — (•(U'thtjiialtes of, 100 

— elTocls of tlio oarthquako of 1766 in, 

113 

— mnare, m- ernteriforin hollows of, 132 

— eave-dwellitigs of Houlhurn, 234 

— iron industry of, 302 

IwoguBiiaa, or yiilplmr Island, of Japmn, 
441 

TAPAN, folphur of, 444 
• Java, number of active volcanoesof,ni 

— tho ‘ Vnllt'y of Death,’ or Poison Val- 

ley, of, 89 

— tnud-voleaneoM of, 93 

— nuiaro, or emteriform hollows, of, 132 
sulphur nf, 446, 446 

Jesuits, their intrigues during tho oarth- 
qiuiko at Lisbon, 110 
Jet^, tiiriiialiim of, 429 
• - ibmid at Wltithy, 429 

— - niiimiraeturo of jet ornaTnonts, 430 
John the Mvaiigelist., Ht., his cavo in the 

IhIo of Patmos, 188 
tho cave eonvorted into a chapel, 188 
Jorullo, foriniit.ion of tho volcano of, 68 

— length of time the li<‘at was rorainod 

in th® lava-Htream of 1759, 74 
Judd, Dr., his dangerous visit to the 
mil or of Kilnuea, 66 
Ju a Mountains, cauldron-shapod dopros- 
sions in tho, 130 

K AB, hi, in Dpper Egypt, rock-hown 
. eeniel eries of, 205 

KatntseluUka, energy of tho volcanoes of, 
61 

— oarllimiakea in, in 1737, 79 
Kan, rt)ek-hewn eemoterles of, 206 
Kanara, rock-timiploB of, 181~-183 
Kaolin, or china-elay, how formed, and 
where, 460-462 
Karli, rock-tomples of, 183 
Kea, Mount, tranquillity of tho eruption 
of, in 1813, 76 
Kontueky, coal-fields of, 424 
Kortech, mutl-^oleanoes noar,4B3 


LAU 

Kilnuea, the lava lakes of, 6 1 

— length of the iviva-streani in tho erup- 

tion of 1840, 70 

— amount of lava thrown out by the 

eruption of 1840, 70 
Killiugworth Colliery, 410 
Kingston, in Jamaica, effects of an earth- 
quake sea-wavo at, 107 
Kinsalo, effect of an earthquake sea-wave 
jn tho harbour of, 1,18 
Kirghiso hordes, their salt-works, 438 
Kirkdale, Dr, Buoldand’s account of the 
ossiferous cave of, 214, 216 
Klaproth, his discovery of uranium, 385 

— works at Joachinisthal, 385 

— his discovery of rutile, or titanium, 

386 

KUntschewskaja Skopa, eruption of tho 
volcano of, 79 

Koli-i-Noor, or Mountain of Light, dia- 
mond and its history, 486 
Kohl, uses of, 383 

Koiishorg, in Norway, silver mines of, 
299 

— nnggeta found at, 299 
Kopperberg, iron manufacture of, 360 
Kotlingia, effects of the eruption of, in 

1758, 69 

Kromnitz, discovery of'the gold mines of, 
248 

Krisuvick, in Iceland, solfatara of, 444 
Kiipferschiofer, or copper-slate, of Thu- 
ringa, fossils of the, 16 


L ABUAN, coal-fields of, 424 

Lacustrine dwellings of Switzerland, 
816 

— discovery of the, 223 
— ancient iron weapons found in the, 3 1 7 
Laibach, Upper, river traversing tho cavos 
of, 160 

Laliinila, rock-churches of, 186 
— town of, and country round, 187 
Landslips, effects of earthquakes in pro- 
ducing, 110 

— that of Putley, in Hertfordshire, 110 
— igneous and aqueous causes of land- 
slips, 121 

— cases of landslips, 121-128 
— caused by tho falling in of cavom-roofs, 
129 

Lanuto volcano, lake formed in the extinct 
crater of tho, 67 
Lapis lazuli, 494 
laipland, auriferous veins in, 293 
Lauroacum, on the Danube, Homan iron 
manufactures at, 368 
Laurontian rocks, 2, 3 
— tlieir thickness, 2 
— tho only fossil found in tho, 10 
Laurium, ancient silver mines of, 208 
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LAtr 

Laurhim — continued, 

— amo\mt of lead in the paorias of tlio 

ancient RilTor miiiep of, 3C7 
Lava, formation of ilory ptroams of, 
during volcanic eruptions, 70 

— phenomona attoiuling the flovr of a 

Invii'Ktroani, 72 

— oftoct of tho mopting of a lava-stream 

willi llio sea, 73 
■ — and with ice, 7'1 • 

— vast dimpimiouB of lava-stroams, 7‘i~70 

— waste of desolation of lava-flolils, 77 

— progress of lava-stroams, 77 

Laxoy load niiuo, in the Isle of Man, 300 
Load, mino of, in Cardiganshire, section 
of a, 262 

— its property and uses, 30-1 

— its antiquity, 3fii 

— tho mines of, in Europe, 306 

— - production of, in foreign countries, 
860-308 

— preparation of the ores, 308 

— IhUlinson's prjeuss, 308 
Loapiiills, in Lanarkshire, lead mines of, 

3GG 

Lobadoia, in Bmtia, ctivo of Trophonios 
near, 187 

Lopidodendron ologans, 302 
Loj)todiru8 Hoehenwavtii, of tho Cave of 
Adolebevg, 108 

Levant, Cornish ooppor mine of, 319 
Levels, in mining, 261 

— extent of tho works in soinn eases, 261 

— drninag(» by adit li-vels, 269, 270 
Lias, fossils of tho, 19 

Liisgo, depth of tho coal mines of, 217 

— aecident in a colliery at, 203 

Life, organic, progress of, on earth, 28, 29 

— everywhere present on the earth, 160 
Lignite, or wood-coal, 401 

Lima, frequency of oarthcpiakes at, Iflfi 

— displacement of stones of ohelisks by 

eartliquako shocks, 1 06 
— • effects of tho earthquake sea-wave of 
1746, 108 

— indiffor«mco of tho inhabitants of, to 

earthquakes, 113 

Limostono, luagnosian, or Permian grotip, 
animal remains of tho, 16 
laniestouo caves, 136 

— causes of their excavation, 138 

— slahuiites and slnlngnntes, 339, 140 

— origin ami slow formation of limostono, 

141 

Lisbon, great eartliquako of, 114 

— dlbct of the shock, 114 

— fro and thtoves in the city, 116, IIG 

— total loss of life from all causus, 116 

— clTuets of this earthquake in various 

piirts of IJh' world, U7--119 
Little Eoiuuls, copper mine of, 319 
Livres, tit., ico-eaves of, 192 


MAM 

Livres, Rt . — coniinni d. 

— lower gliieif're of, 103 

— npjier ghunAre of, 106 

— iee-streauiH of tho upper gl<w*iAM, 196, 

190 

Lizarda, ohli-st known fossils of, 14, 16 

— the" enormous specicB of tho Mesozoic 

ocean, 20, 21 

Llandogui, slate (luarrtes of 400, 470 
Locke, his remark rt'speetiiig inni, 346 
Lomond, latj^'k, s«'a-sholl8 found on the 
banks of ,04 

— ellbcts of tho great oarllapiuke of 17,')5 

in, 118 

TjOndon shaken by tho Lishon earthquake 
of 1766, 118 

— Hubterraneatj Wftnders of 237, 238 
Long, Major, his report on the vopj«<r 

mines of Lake Superior, 32H 
Lmigara, Cave of innssacra by the Kivneh 
in the, 170 

Tamm, sulphur mino of 4H 
liowerz, di'Strnelion of the vi liege of, by 
alandslij), 124 

uuganure, lend niinea of 300 
Lnnu, Cope, wutoi'spoitt. of 140 
Lycopolis, rook-hewn cetneU-rjew of 20,6 


M AATIE, or eraleriform huUowm, of tlt« 
Hi ltd, 131 

— in other places, 132 
Maealuba, ituid volcani* of 91 
— known to the nncienfs, 9t 
Miulana, in Santa Crust, lieight ttf the 
volcano of, 6 1 

Maibdra, volcanic, formatittn of, 4 
Madfuneh, rock hewn ewnietcrn a t.f 
Magdalena (irotio, or ' Jilnek Croito,' 
Proteiof the, 105, 100 
— visit of tho Areiuluke iMmlintuid to 
tins 160 

Mngneaium, discovery and ns'-s t,f 3 H 7 
Miigmuie mountain in Kusata, 307 
Maiiia, marble of 407 
Malacca, tinstone <tf 336 
Malaga, efleets of tho onrthquake of ITdh 
at, 118 

Malmeslmry, section of the fiebl 
south of 398 

Malta, tro^odytes of 234 
Malwah, rock-temples of 1ft { 

Mammalia, gtHilogicril jswtod of its prf»» 
miuence iu life, 23 

Mammoth, or primitivo cleplmtit iu»d 
clnmwtoristies of the, 20 
— I’rofeBHor Owen's skeleton of the, 217 
— (Jray’s Inn Ijtmn an ancient hnating- 
gronnd for, 23X 

Mammoth Cave, in Kentmcky, ta»t di* 
mensiouf of the, 136, 138 
— Professor SUliraan on it'd, 189 
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Mfinnnotli Ciivo — coniintiGd.. 

— clusters of bats in the, 169 
— ■ .inimala of the, 167 

Man, Isle of, load mines of, S66 

— zinc prodxiced in, 882 

Man, proliiatoric, subterranean relics of, 
in Denmark, 221 

— in Switzerland, 223 

, — age of Iniman relics in caves, 225 
Mauclioater Coal-field. 403 
Manganese, ores of, 386 
Mansfeldt, in Prussia, silver and copper 
mines of, 325 

Marble of Dorbysliiro and Devonshire, 4G5 

— that of Carrara, 4, 4C5 

• — that of Ponlelikon and Parian, 466 

— Ibosso antico and Verde anlico, 467 
Maronnos, upheaval of the chalk cliffs at, 36 
Marpcna, Mount, in Paros, marble of, 406 
Maniuetto, American town of, its iron 

industry, 362 

Marshall, James, his discovery of gold in 
California, 288 

— Ins aubsc'tpiont life, 289 
Marsupitos ornutus, fossil, 18 
Martinique, Island of, destructive earth- 

qmdto in the, 101 
Maryland, copper mines of, 328 
Masaya, volcanoes of, constant eruption 
of the, 63 

Mashnehusotts, copper mines of, 328 
Master-borers in tho North of England, 
260 

— ' their charges per fathom, 250 
Mastodon, whore tho fossils of, are mostly 
found, 27 

— size and chanicLoristics of the, 27 
Matlock, thermal springs of, 43 
Mauna Loa„ in Hawaii, shape of the vol- 
cano of, 53, 64 

— Dr. Judd’s visit to, 66 

■ — growth of ferns on, 63 

— tho lavu-lukos of, 64 

— length of tho lava-stream of an erup- 

tion of, 70 

— Xuirasitic cones of, 71 

— volumo of tho lava-stream of 1840, 76 
Maunch Chunk (or Dear Mountain), in 

Pomisylvauia, enormous coal-fiold of, 426 
Mauritius, fountains of murine caverns 
in, 146 

htoditorranean Sea, upheaval of the land 
on tho shores of tho, 34 

— marino caverns of tho coasts of tho, 144 
Medellin, tho proprietor of tho niino of 

Dolores, 303 

Moorfeld, cratoriform hollow and lake of, 
132 _ 

Mj'gathorium, size and characteristics of 
the, 24', 26 

Molidoni, eavo of, Turkish massacre in 
tho, 176 


MIX 

Mcquinez, effects of the earthquake of 
•1765 at, 118 

Mercado, Cerro del, of Mexico, 363 
Mercury, its properties and uses, 370, 371 

— known to the Greeks and Komans, 370 

— mines of Almadcn, 371 

— those of Idria, 373 

— diseases to which the miners are liable, 

373 

— mines of America, 37.8 

Metallic veins, how generally found in 
mines, 246 

— how ores collected or precipitated in, 247 
Motamorphic rocks, origin of, 4, 5 
Meteoric iron, 347 

— the mass found at Otumpa, 347 note 
Mettler, Blasi, story of the escape of him 

and his wife, 124 

Mettler, Sebastian Meinhardt, his escape 
from destruction, 126 
Meuse, ossiferous caverns of the valley of 
the, 226 

Mexico, silver mines of, 300-308 

— - iron ores of, 363 

Michael’s Mount, St., in Cornwall, 333 
Middlesborough, its rapid rise, 364 

— its iron manufacture, 366 

Miguel, Island of, tho Punta Delgada of 
the, 147 ^ 

Milagros, his silver mine in San Liiis de 
Potosi, 303 

Miller, Hugh, his account of a coal forest, 
393 

Milo, Island of, mud volcanoes of, 93 

— sulphur caves of the island of 416 
Mina Grande, lead mine of, 367 
Minardo, Monte, near Dronto, volcanic 

formation of, 67 

— height of, 71 
Minos, in general, 244 

— labours and perils of the miner, 244,245 

— casualities in mines, 245 

— life in a mine, 245, 246 

— length and depth of mines, 247 

— discoveries of lodes, 248 

— the divining-rod, 248 
■ — boring, 249 

— divisions in coal mines, 255 

— long-wall working, 267 

— general view of mining operations, 257 

— tools emisloyed in Cornwall, 268 

— mode of blasting, 2S8 

— heroism of miners, 259, 274 

— mode of loosening hard stones, 260, 261 

— tramways underground, and the con- 

veyance of minerals, 261, 262 

— methods of descending, 263-266 

— man-engines for ascending or descend- 

ing, 267 

— timbering and draining, 268-272 

— inundation, or drowning of mines, 273 

— evolution of foul gases, 276, 277 
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Mi 11 os — continued. 

— ventilation, 277 

— choke-damp, fire-damp, and blowers, 

278, 279 

— the safety-lamp, 280 
^ — burning mines, 283 

■ — habits of the Mexican miners, 302 
Minnesota mine, copper of, 327, 328 

— enormous nugget of copper found near, 

328 

Miocone period, animals of the, 23 
Mirrors of silver among the Eomnns, 298 

— substanco used for making, 336 
Mississippi, ancient mounds in tho valley 

of the, 224 

Missouri, 'iron mountains’ of, 362 
Moa, tho groat extinct bird of Now Zea- 
land. 216, 217 

— tho cave of tho Moa, 219 
Moeris, Lake, hermits near tho, 179 
Molinoa of tho silvor mines of Mexico, 306 
Molybdenum, discovery and uses of, 387 
Monarchs, vast treasures of in ancient 

times, 286 

Monkeys, fossil, of South America, charac- 
teristics of tho, 24 

— small species of, on tho Rock of Gib- 

raltar, 24 

Monk Wearmouth Colliery, 408 
Montano, Prancisco, his descent into tho 
crater of Popocatepetl, 446 
Monte, Real del, silver mines of, 304 

— present yield of, 305 

Monte Video, upheaval of tho land at., 34 
Montgomeryshire, load mines of, 366 
Montmartre, gypsum and alabaster (>1,468 
Montrouge, artificial mushroom-bods an, 
168 

Moors of Granada, destruction of, by 
Philip 11. of Spain, 173 
Moren, silver mines of, 304 
Morocco, eartlnjuakos of, 100 

— effects of tho earthquake of 1766 at, 
118 

M >rran, in Algeria, Arlesian well in tho 
desert of, 61 

Mososaurus, size andcharactoristicsof tho, 
23 

— skull of tho, found, 473, 474 
Moulin de la Roche, artificial mu-shroom 

beds at, 188 

Mountain Ash, in South Wales, coal 
workings of the Now Navigation Pit at, 

Mud-streams caused by volcanic eruptions, 
69 

— destruction of Horculanoum and Pom- 

peii by, 85 

— those of Obu, 95 
Mud-volcanoes, 93-96 

— in various places, 93-95 

— origin of, 95, 06 


NOB 

Murchison, Sir Roderick, his surmises 
rc.sjjoctiug gold in Australia, 289 
Miirtschen.stock, Inniicl in the, 134 
Mushroonns, subterranoan, 167 

— llio artificial mushroom-beds near 

Paris, 158 

Mnsk-ox, food of tlu’, 26 
Mylodon, sizo and charactoristics of Lim, 
24, 26 

— Professor Owen’s skeleton of the, 217' 


APLES, earthquake' in, in 1857, 98 
— catacombs of, 2 1 9 
Nassau, iron tnanul'actiiro of, 367 
Nativity, grot! oof tli(>, at Botlilchem, 188 

— church of Ihc, 188 

Nanhohn, carbonic aedd gas spring of, 88 
Naxos, cousocratfd caves to Dionysos in, 
187 

Navos, Pinery of tho i-sland of, 463 
Nuilstm, Mr., lus discovery of tho liut blast 
for iron lurnacos, 363 
Nomi, Lake of, tho cratoriforin hollow 
forming (he, 132 

Nmit h’oreo IjovoI, great, drain of, 270 
Norlschinsk, iu Transbikulia, copper 
mines of, 326 

— load mines of, 367 

NeU-uno, Anlro di, in Sardinia, 14 I 
Nett.nno, Urolta di, in Sieily, 145 
Nousalzwerk, tomin'raluw) (jf tho well of,. 

at various depl.lis, 32 
Nevada, stale of silvi'r niiiins of tho, 314 
Noweastle, coal-fields of, 407 

— thoir extent, 408 

— - tho various seams of coal, 408 

— human activity of tho e.oal-iUilds, 411 

412 

— appearnneo of tho town, 41 3 

— first liconso to dig coals given to tho 

town, 419 

Newfoundland, gradual upheaval of tlif 
land of, 36 

— _ fountains of marine cav('rns in, 146 
Niagmu, curlmri,>ttml hydrogen ovolvod 
near tho falls of, 93 

Nicaragua, Lnko of, volcanoes near tho, 61 

— ■ miuf- volcanoes of, 93 

— ■ earthquakes of, 100 

Nicholas, St., rcs'k-ehapol of, in Croto, 189 

— legend of, 190 
Nie.kol, nnmo of, 884 

— - uses of, and whonco ohtainod, 384 
Nicolas d’Alioi'mont., St., mpiilcrous layers 
or bods of stono at, 40 
Noises, subtei-ranoan, accompanying earth- 
quakes, 103 

Normandy, truces of depros.sion of the 
land on Llio coast of, !57 
Norr Lake, oiuptiod by a landsl!]), 130 
Northnmborlaud, coal-fields of, 403 
n 
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NOR 

Northwicli, salt mines of, 431 
Norway, copper mines of, 324 
Noss, islet of, its marine caves, 142 
Notornis, Professor Owen’s reconstruction 
of the, 217 

Niiovo, Monte, in the Pay of Baise, vol- 
canic formation of the, 67 


0 BERSTEIN, roek-chapel of, 190 
— legend of the chape^ 190, 191 
Obregon worlcs the silver mine of Gua- 
naxiiato, 301, 302 

— his title and urbanity of character, 302 
Obu, eruption of the, 95 
— mud-streams of, 95 
Oche, Dent d’, landslip of the, 127 
Ocsterby, iron-works of, 360 
Ohio, ancient mounds in the valley of the, 
224 

‘ Oil harvest’ of Caripe, 161 
Olra, or Proteus, discovery of the, 164, 165 
— various places in which it has been 
found, 166 

— description of the animal, 164-167 
Olpnne, Island of, upheaval of the land 
round the, 36 
Onyx, the, 497 

Ontanagon district, in America, ancient 
copper mines, 327 
Oolite rocks, their thickness, 2 
Oolitic period, fossils of the, 19, 22 
Opal, precious, 405 
— mines of, in Hungary, 435 
Ophir, seat of, 287 

Ores, how generally found in mines, 246 
— how they have been collected or pre- 
cipitated, 247 

‘ Orkneyman’s Harbour, The,’ the marine 
cavern so called, 143 
Oroomiah, Lake, in Persia, salt of the 
hills and plains of, 437 
Orthocoratites of the primitive seas, 18 
— extinction of the, 18 
Oscillatory movements of the earth, 34-37 
— probable causes of, 38 
Otero, a shopkeeper, joins in working the 
mine of Guanaxuato, 302 
Owen, Professor, his memoir and skeleton 
of the great Moa of New Zealand, 217 
Owls, cave-haunting, 160 


P ACHUCA, silver mines of, 304 

Pachyderms, remains of large ex- 
tinct, 26, 27 

Palaiothoriums, size and characteristics 
of, 23 

■f almopteryx, Professor Owen's recon- 
struction of the, 217 
Palladium, discovery and uses of, 388 
Palestine, SovHjieru, hermits 179 


rnA 

.Palomha, Fossa della, on Etna, 147 
Papalardo, Baron, his efforts to divert the 
lava-stream from Catania, 72, 73 
Parian marble, or Lychnites, 466 
Paris, artificial mushroom-beds near, 158 

— catacombs of, 210, 211 

— old cemeteries of, 211 

— plaster of, 468 

Parsees, their worship of fire, 9 1 

— their legend of the devil, 91 

— their occupation and abandonment of 

Baku, 92 

Pasco, Cerro di, silver mines of, 309 
Pasco, mining town of, 310 

— mines of, 310, 311 

Patmos, cave and church of St. John tlra 
Evangelist, 188 

Paul, St , of Thebes, the first hermit, his 
cave, 178 

Pausilippo, Grotto of, 241 

— origin of the, 242 
Paviland, ossiferous caves of, 216 
Peak, in the Island of Timor , blown up 

and replaced by a cavity, 68 
Pecopteris adiantoides, 391 
Peniscola, fountains of marine caverns 
in, 146 

Pennsylvania, copper mines of, 328 

— coal-fields of, 425 

— petroleum springs of, 427 
Pentacrinus briareus, fossil, 17, 18 
Pentelikon, or Mount Peuteles, marble 

of, 466 

Pepandajan, in Java, the volcanic cone 
of, blown to pieces, 67 
Percy, Dr. John, his discovery of alumi- 
nium-bronze, 387 

Perdix, Bartholomew, his manufacture of 
alum, 458 

Permian period, fishes of the, IS 

— fossils of the, 15 

Peroxide of tin, or tin-stone, 335 

— richest deposits of, 835 

Porticara di Talamella in Italy, sulphur 
mines of, 444 

Peru, active volcanoes of, 61 

— earthquakes of, 100 

— indifference of man in, to earthquakes, 

113 

— silver mines of, 300 

— iron furnaces of, 353 

Peter’s Mount, St., near Maestrieht, 
quarries of, 470 

— visit of Paujas de Saint-Fond, 472 
Petroleum, formation of, 426 

— old springs of, in Europe, 426, 427 

— production ofthe springs of America, 427 
Potrospongidse, or stone sponges, 17 
Pfeiffer, Ida, her visit to the diamond 

mines of Borneo, 480 
Pharaohs, rock-tombs of the, in Thehes, 
202-tJ04 
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Philip 11. of Spain, his dostruciiou of Llio, 
Moors of GrtmacUi, 173 
Philip, Port, town of, 290 
PhilothouB, St., his cave on Mount Pon- 
teles, 46G 

Phoenicians, their tin-tnulo, 333 

— tlioir traffic in and uses of lead, 304 
Piolra Mala, burning springs of, 90 
Pigeons, eavo-hauuting, 100 

Pilot Knob * iron inonutain,’ 362 
Pines, blade, of Trinidad, 429 
Pitt, or Kogont., diamond, 485 
Pittasphalto, formation of, 426 
Piulca Jama, cavo of, 164, 165 
“ tho rivor Poik flowing below the, 15 1 
Piz Mountain, dostrucLivo oflecls of a 
landslip of tho, 127 

Plan in a, rivor traversing the Cave of, 160 

— explored by Adolph S'dimidl, 151 

— abiindanco of Ih’otei in tho, 106 
Platinum, discovery of, 812 

— wlioro ohtainod, 882 
— ■ its qualities, 383 

Playfair, his observations ns to the rise of 
tho land in Sweden, 36 
Plosiosaurus, size and diaracleiislics of 
tho, 21 

— whoro fotmd, 22 
Plourotomaria carinata, fossils of, 15 
Pliny ihu Eldor, death of, as described by 

his uophow, 82-8 1 
Pliocene period, animabs of (he, 24 
Plumbago, j^raphito, or blaek lead, former 
trade m, in Oumborland, 462 

— the mino oxluiiistod, 462 

— places where found at present, 462 
Plurs, town of, buried by a landslip, J27 
I’olistona, eft’oeLs of an eardniuake at, 98 
Poik liivor, ongulfmeiit and re-apiieurjiiiee 

of the, 160 

— a Hubtorranoan canoe voyage on tla», 

151-154 

— the river flowing bonoiith Iho Piuka 

Jamn, 164 

Pombal, Munjuis of, his conduefc in Mm 
great, oartliquako of Lisbon, IKt, 117 
Pompeii, doHtriidion of the town of, 81-85 

— tbp mud-stream which cJItHtlwl tho 

dostruciiou, 85 

-- pro.sentstato<)f the Pomun town of, 87 
J’ontus, hermits in, 179 
Poiiocalei)e(l, do])th of tlin erater of, 54 

— Montiuiu’s visit to tho crater of, 446 
Porphyry of Elfdul, 467 

— of tho Altai, 468 
Portugal earthquakes of, 100 

Potosi, San Luis do, silver mines of, 803, 

Proeious stones, 477 

twigmnus, discovery of tho, 104, 

— doecription of the animal, 106-107 


RfO 

I’rotons aiiguimis— -few/jV/Keff, 

— its aliuudunco in the (’avo of Planini, 

166 

— dillerent caverns in which itlnisbedi 

foHiul, 160 

Prussia, iron manufactnro of, ;},57 

— pvndiietioii of zinn in, 381 
-• - sail, works of, 438 

Ptm-iehlhys Milled of lln> Old Red .Hnud- 
fitone of ,Seol laud, 1 3, 1 1 
Pteroilactyli, size and cliamcl eristics of 
the, 21 

Pleryg(ttuH aeuminaitts, 12 
Pulvoriimar of UiUenlVld, lake or innare 
fif, 132 

Ihizzuoli, Bolfatara of, 414 


a tfARItlEH, celebrated, 404 
— ' thoso of Kraiiee, 4(5 1 
— those of England and ({> nnitity, 46 { 
— of (Warn and the t’caiehkoii, ‘lt>5, 16(5 
■— porphyry, 4(57, 4(58 
— nhdiaster and plaster of Paris, 4 '18 
““Shito, 180 

— of St. Peter's Mount, near Maestti-Ut. 
476 

- - of hlgypt, 474 
Quieksilvor. tftr Mercury. 

Quito, iielh'o volcanoes of, 81 
— tradition respecting them, 07 
— earlhijunkcs of, Itiu 


AlKlllOY, sulphur mines of, 4 1 { 
Rain-prints of fonimr ages, preser- 
vation of, 29 

Ramnielslicrg, in the llariz silver niiie s 
of I hr. 299 

— cliscoy.ry of the Imln of the, 218 

— burning him! mineral stone in, 289, 281 

— - coppi'r found iti, 325 

Rat, bliiul cavern, of the Mammoth O.tvn 
<if Kenlueky, 167 

Rafhliii, islan'd of, miiwwicro bv tlm Ktig- 
lish under .Sir John Norris in the, 172 
UnvinazAi Moimiain, landslip of the, U7 
Red lend, how mndr', 385 
RtHlrulh, copper mines of, 317 
Regia, Comte de la. ,SW Tej-rmuft. 
Reptiles, oldest known fimniN of. 14,15 

— enormous imtrino fo-sil reptiles ofiho 

iM*run, 

— footprints of reptiles t.f the Cambrian 

formation, 29 

Rlnslium, discovery ntid uses of, 388 
Rhosdide, imm fmtnufWture of, 855 
Rmbamlia, dnstructiou ttf the town of, 78. 
79 * * 

— destroyed by an ear!h«jimko, 194 

— remarkable disjdamneiit of ulnhets 

during tho #hwk», RH 
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Riohamba — continued. 

— silence during the shocks, 10-t 
Ripple-marks of former ages, preservation 

of, 28, 29 

Rivers, cave, 149-151 

— explorations of Adolph Schmidl in the 

Gave of Planina, 161 
Rochelle, La, upheaval of the land at, 36 
Rock-tombs and catacombs, 202 
Rock-crystal, 498 

— the Grotto of Galenstock, 499 
Roebuck, Dr. John, his improvements in 

iron manufacture, 350 
Romanus, the monk, feeds St. Benedict 
in his cave, 180 

Rome, -wealth of, after the third Pnnic 
war and in the time of the Cmsars, 
286, 298 

— gold coins of, 287 

Ronciglione, Lake of, formed in the ex- 
tinct crater of a volcano, 67 
Roquefort cheese, 198 
Roraas Mountains, copper mines of, in 
Norway, 324 

Rosa, Sierra de Santa, 301 

— silver mines of the, 301 

Rosalia, St., rock-church of, in Sicily, 188, 
189 

— story of, and of the discovery of her 

bones, 188, 189 

Rossberg, or Rufi, landslip of the, 123 

— causes of the catastrophe, 124 
Rossi, Monte, height and area of, 71 
Rossi, Cavaliers de, his researches in the 

catacombs of Rome, 210 
Rosso antioo, 467 - 
Roth, natural ice-cave of, 198 
Rothen, villages of Upper and Lower, de- 
stroyed by a landslip, 124 
Royale, Isle, ancient copper mines of, 327 
Ruby, the Oriental, 489 

— in the crown of England, 490 _ 
Rueu-Pinchincha, Humboldt’s view down 

the volcano of, 55 
Russia, copper mines of, 326 

— iron manufacture of, 367, 358 

— salt-works of, 437, 438 

— amber ornaments of, 457 

— the Imperial diamond of, 485 
Rutile, or Titanium, discovery and uses 

of, 386, 387 


S AARBRUCK, oldest known reptiles 
found in the coal-field of, 14 
— other wonders of the coal-field of, 15 
— vast time required for the formation of 
the coal-fields of the, 397 
Sable, in Anjou, the Pontaine-Sans-fond 
near, 149 

Sabrina, island of, volcanic formation of 
the, 59 9 " 


SCO 

Sabrina, island of — continued. 

— its disappearance, 69 

Sacr4e Madame, near Charleroi, depth of 
the colliery of, 247 

— mode of ventilation in the mine of, 

277 note 

Saero, Monte, marble mountain of, 465 
Safety-cages, ‘ used m descending mines, 
264, 265 

Safety-lamp, Davy’s. 280 

— improvements in the, 281 , 

Sahara, wells of the inhabitants of the, 
48, 50 

— future importance of Artesian wells 
to, 51 

Salamis, fleet which gained the battle of, 
298 

Salcedo, silver mine of, 311 

— tragical end of its proprietor, Don Jos6 

Salcedo, 312 

Sallee, effect of an earthquake sea-wave 
at, 118 

SaUenches, fall of a mountain near, 122 
Salt, geological position of, 431 

— the mines of North wieh, 431 

— those of Droitwitch and Stoke, 432 

— that of Wieliczka, 433-436 

— in other places, 426-439 

— method of preparing it, 439 

— origin of rock-salt, 440 
Salza, manufacture of salt at, 436 
Salzburg, salt mines of, 436 

San Prancisco, its rapid rise, 289 
Santorin, submarine volcano of, 60, 61 
Sapphire, red, 489 

— oriental, 490 

Sardinia, cave-dwellers of, 234 

— the dwellings of the Sarde shepherds 

of the present day, 234 

— lead mines of, 366 

Sa-viour’s, Our, tomb, at Jerusalem, church 
built over the, 1 88 
Saxony, tin mines of, 336 

— coal-fields of, 404 
Shafloch, ice-cave of, 194, 195 
Schmerling, Dr., his investigations re- 
specting the antiquity of man, 226 

Schemnitz, fungi of the mines of, 168 

— discovery of the rich mines of, 248 

— produce of silver in the mines of, 300 
Schmidl, Adolph, his explorations of the 

subterranean river Poik and Cave of 
Planina, 151 

Schneeberg, large block of silver found 
at, 299 

— use made of the burning vapours, 283 

— bismuth of, 383 

Scilano, village of, buried by a landslip, 
127 

Scilla, Prince of, his death, 107, 108 
Scopoli, his description of subterranean 
fungi, 157 
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Pcorise, lentil of time the liquid fire is 
retained in the interior of a lava-stream, 
73 

Scotland, lead-mines of, 366 

— coal-fields of, 403 

Scott, Sir Walter, his visit to ‘ The Ork- 
neyman’s Harbour,’ 143 

— and to Fingal’s cave, 143 

Scrope, Mr. Poulett, his description of 
the Volcano of Stromboli, 62 
Sea-shells fouud on the Andes and Alps, 
34, 37 

' — and in other places at- present removed 
from the sea. 34 

Sea, movements of the, in earthq-oakes, 
106, 107 

— extent of the •wave-motion, 105, 106 
cases of the destructive effects of the 

earthquake waves, 107-109, 117-119 
Segeberg, deposit of salt ar, 439 
Senegal, deposits of the Area senilis on 
the banks of the river inland, 34 
Sequoia, gigantic trees of the, 28 
Seven Pagodas, rock-temples near Madras 
so called, 184 

Seville, effects of the earthquakes of 1755 
at, 118 

Shelas, cave of, Colonel St. Arnaud’s 
massacre in the, 176 
‘ Shell-mounds ’ of Denmark, 222 

— those of the Puegians, 222 
Shetland, marine caves of, 142 

Shields inlaid with silver in Homer’s 
time, 298 

Siberia, auriferous land of, 288 

— lead mines of, 367 

— emeralds of, 491 

Sicanians, cave-dwellings of the ancient, 
232 

Sicily, earthquakes of, 100 

— marine grottoes of, 146 
-y sulphur mines of, 441 

Siekingen, Count, his experime-nts with 
platinum, 382 

Sidi Eascheed, in Algeria, Artesian well 
of, 51 

Sigillaria oculata, 392 

Silurian period, Crustacea of the, 10-12 

— brachiopods of the, 12, 13 

— fishes of the, 13 

Silver, discoveries of lodes of, 248 

— antiquity of the discovery of, 297 

— most ancient silver mines, 298 

— Emopean silver-fields, 289, 300 

— mines of Mexico and Peru, 300-314 

— mode of crushing and decomposing 

the ores, 306-307 

— law of Peru respecting the silver 

mines, 311 

— mines of Chili and Nevada, 313, 314 
Singapore, antimony of, 383 
Siphnos, ancient silver mines of, 208 


Siphon, principle of a, 44 note 
Siplionia costata, fossil, 1 6 
Sioa, constant state of eruption of the 
volcano of, 63 

Sivatherium giganteum, size and charac- 
teristics of, 27, 28 

Skaptar Jokul, in Iceland, lava-stream of 
the eruption of, in 1783, 70 

— that of 1787, 75 

Skerries, water-spouts or fountains of 
the, 146^ 

Slate quarries of North Wales, 469 
Smeaton, John, his improvements in iron 
manufacture, 360 
Sodium, discovery and uses of, 388 
Solway Moss, appearance and area of the, 
130 

— bursting of the, 130, 131 
Soramatino, conflagration of the solfatora 

of, 443 

Somme, flint implements of the Valley of 
the, 230, 231 

Spain, gold coins of the Visigoths of, 287 

— auriferous land of, 288 

— ancient silver mines of, 298 

— tin mines of, 336 

— iron industry of, 361 
— • lead mines of, 365 

— coal-fields of, 423 

— cupriforous pyrites of, 447 
Spartacus, revolt of, 82 

— his defeat of Olodius at Vesuvius, 82 
Sp'^erenborg, deposit of salt at, 439 
Sphenopteris affiuis, 391 

Spider, eyeless, of the Cave of Adolshorg, 


Spinel, the, 490 
Spirifer prineeps, 12 
Spirifend®, 13 

Sponges, fossils of the primitive soa.s, IG 
Springs, always warmer than the air in 
the locality where they gush forth, 

— regarding the flow of, 


— temperature of the water of, 43 
geological phenomena favouring tlio 

production of thermal springs, 43 

— mineral particles in springs, 43, 44 

— intermittent springs, 44 

— geysirs of Iceland, 45-48 

— Artesian wells, 48-62 

— carbonic acid gas springs, 88-90 

— of carhuretted hydrogen, 90-93 
Staffordshire, burning mines of, 283 

— the Burning Hill of, 283, 284 

Stag,_ Professor 0 won’s skeleton of tho 
primeval, 217 

^*"^"' 9^*140 stalagmites, formation of, 

- 7 - their varieties of form and slow for- 
mation, 140 
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Stalactites and stalagmites— co?jfi3!we(2. 

— Dr. Sclimidl’s ‘ Stalactital Paradise,’ 

152 

. — in the cave of Gtiacharo, 162 

— of the Gaye of Melidoni, 176 

. — in the Norwegian copgor mine of 
Edraaa, 325 

Stalita tsenaria, the eyeless cayern spider, 
163, 164 

Stamping-mill in the silver mines of 
Mexico, 306 

Star fish, of the Chalk group,* 18 
Stassfurt, mines of, 438 
Steam, important part played hy, in vol- 
canic phenomena, 41 

Steam-jets, or himaroles, of volcanoes, 63 

— those of the eruption of JoruUo in 

1759, seen in 1803, 74 
Stephenson, George, a coal- trapper in early 
life, 419 

Stikeen, gold-fields of, 293 
Stockton-on-Tees, export of coal from, 413 
Stoke, in Worcestershire, salt mines of, 
432 

Stone implements of Denmark, 222 

— of the Brixham caverns, 227 

— of the Valley of the Somme, 230 
Stromholi, diameter of the crater of, 64 

— constant activity of the volcano of, 62 

— Mr. Poulett Scrope’s description of it, 

62 

Stromeyer, his discovery of cadmium, 386 
Strontian, in Argyleshire, lead mines of, 
366 

Styria, iron of, 858 

Subiaco, St Benedict’s Cave near, 180 
Suffinm of the Florentine lagoons, 460 
Sulphur of the mines of Sicily, 441 

— exports of, 443 

— conflagration of a sulphur mine, 443 

— mines of Ternel and Lorca, 444 

— combinations of sulphur with metals, 

447 

Sumatra, deposits of tinstone in, 335 
Sunderland, export of coal from, 413 
Superior, Lake, copper scattered near the 
shore of, 325, 327 

— ancient copper mines near, 327 
Surtshellir, in Iceland, formation of the, 

148 

Sutherland, gold-fields of, 293 
Swallows, cave-haunting, 160 
Swansea, copper-works of, 320-321 
Sweden, effect of the great earthquake of 
1755 in, 118 

— mode of descending mines in, 264 

— copper mines of 322 
Swifts, cave-haunting, 160 
Switzerland, subterranean relics of pre- 
historic man in, 223 

— ancient iron implements found in, 347 
Swoszwiee, sulrfiur mines of,it44 


TIN 

.Syene, rock-hewn cemeteries of, 205 
Syracuse, catacombs of, 210 

— city of, 475 

— the Latomise of, 47 5 

Syria, earthquakes of, in the reign of 
Tiberins, 97, 100 

Syout, in Upper Egypt, rock-hewn ceme- 
teries of, 205 


T AGILSK, Nishne, platinum of 382 
Taman, mud-volcanoes of the penin- 
sula of, 93, 95 

Tamelhat, in Algeria, Artesian well at, 51 
Tangiers, effects of an earthquake sea- 
wave in, 118 

Tap cinders of the iron puddling furnaces, 
355 

Tasmania, coal-fields of, 424 
Tanretnnum, Eoman town of, destroyed 
hy a landslip, 127 
Tees, importance of the river, 407 
Teir, Djebel, height of the volcano of, 54 
Temboro, cone of the volcano of, blown to 
pieces, 67 

Temenitz, engulfment and reappearance 
of the river, 160 
Temples, rock, of India, 181 
Teneriffe, Peak of, shape of the, 53 
— ice-eaves of, 198 
— solfatara of the, 445 
Tenger, Gunong, in Java, diameter of the 
crater of the volcano of, 54 
Terebratulse of the Silurian seas, 13 
— hastata, fossils of, 15 
Ternel, sulphur mine of, 444 
Terni, JEolian caverns of, 198 
Terranuova, effects of an earthquake at, 98, 
Terreroa, Don Pedro, his silver mine of 
La Begla, 304 

Tertiary period, mammalia of the, 23 
Thallium, discovery and uses of, 388 
Thaur, Mount, Mahomet’s refuge in a 
cave of, 169 

— Moslem miracle of, 1 69 
Thebes, hermits in the desert of, 179 
— the royal tombs of, 202-204 
Themud, rock city of the, 236 
— legendary tale respecting the, 236 
Thomson, Di"., his cave exptlorations in 
New Zealand, 218-220 
Tin, antiquity of the knowledge of, 332 
— mentioned in the Bible. 332 
— Phoenician trade in, 333 
— uses and importance of, 334 
— the two ores of tin, 335 
— lodes of Cornwall, 337 
— number of mines in Devon and Corn- 
wall at work, 338 
— smelting of tin, 342 
— number and wages of the miners, 343 
— nature of the miner’s work, 343 
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Tin-foil, 334 

Tiuo, island of, Eo'iso antico, 467 
Titanium, or rutile, discovery and uses of, 
386, 387 

Titus, the Emperor, his benevolence to 
the survivors of Herculaneum and 
Pompeii, 85 

Tjerimai, Guonong, in Java, extinct vol- 
cano of, 65 

— its height and depith, 55 
Tlalpujahua, silver mine of, 305 
Toeplitz, hot springs of, 43 

Tofua, constant activity of the volcano of, 
63 

— lalce formed in the crater of the ex- 

tinct volcano of, 57 
Tolfa, raanufactiue of alum at, 458 
Tombs, rock-hewn, 202 
Topaz, the, 492 

Toplitz, effect mf the Lisbon earthquake 
of 1764 on the mineral waters of, 118 
Torgatten, in Norway, natural tunnel of 
the grotto of, 134 

Trajan, tlie Emperor, in an earthquake at 
Antioch, 97 

Transbaikalia, iron of, 367 
Transgariep country, cannibal caverns of 
the, 234 _ 

Transylvania, iron of, 358 

— salt mines of, 436 

Travers, Val de, asphalte mine of the, 428 
Trebich Cave, near Trieste, 134 
Tresavean Copper Mine, wealth of, 329 

— tin mine, 337 

Treviso, three villages of, buried by a 
landslip of the Piz Mountain, 127 
Triassic rocks, their thickness, 2 

— fossils of the, 22 
Trilobites, 10, 11 

— eye of, magnified, 11 

— gradually vanish in the Carboniferous 

period, 14 

Trinidad, mud volcanoes of, 93, 94 

— the great Pitch Lake of, 428 

— the black pines of, 429 

Tripolite, its composition and uses of, 463 
Troglodjdes, or dwellers in oaves, 232 
Trophonios, Cave ofj 187 

— visitors to the cave for information, 

188 

Trou-aux-Moutons, vast ice-cave of the 
Hothhorn, 194, 195 
Tsehudi, silver ornaments of the, 298 
Tuileries, principle on which the grand 
fountain of the, is supplied, 42 
Tungstate of soda, uses of, 385 
Tungsten, discovery of, 384 

— uses of, 385 
Tunnels, natural, 113, 134 

Turks, their atrocities in modern warfare, 
176 

— their use of amber in pipes, 456 


YES 

Turquoise, the, 493 
Turrilites, tuberculatus, 19 
Tuscany, suffioni of the lagoons of, 460 
Tyne, importance of the river, 407 
— shipping coal on the banks of the, 411 
412 

Tynemouth Priory, view from the, 414 


TTBES, St., nearly destroyed by an 
U earthquake sea- wave, 117 
United States of America, copper mines 
of, 328, 329 

Upheavals, subterranean, 34 

— taking place at the present day, 34 

— slow elevation of the land iu Sw{‘dt'n, 

35 

— and in other places, 35, 36 

— marks chiselled on the Swedish rocks, 

37 

— probable causes of, 38 
Upsala, iron manufacture of, SCO 

— the old city of, and the burial-places of 

Odin, Thor, and Freya, 360 
Ural, or Oural, Mountains, tho iron of the, 
367 

— copper mines of the, 326 
Uranium, discovery and uses of, 386 


Y ALENOIANA, Condo do, his silver 
mine and fortune, 302, 304 
Valenciennes, depth of the coal minos of, 
247 _ 

Valentinus, Basilins, his mention of anti- 
mony, 383 

Valdivia, extent of wave motion of nn 
earthquake at, 105, 106 
Valparaiso, upheaval of the land nt, 34 
— copper mines of, 326 
Vaucluse, celebrated fountain of, 149 
Vegetation, subterranean, 157 
— mnshrooms or fungi, 157 
Velleja, Homan town of, buried by a 
landslip, 127 
Venetian gold coins, 287 
Ventriculities, fussil, 16 
Verde antico, 467 

Vesuvius, its long period of rest, and 
resumption of its activity, 68 
— the lava-stream of the eruption of 
1822, 70 

-lava-fountains of the eruption of 
1794, 72 

— advance of a lava-stream into tho sea 
near Torre del Greco, 73 
— vast dimensions of the lava-stream of, 
76 

— state of the volcano previous to the 
eruption of 79 a.c., 81 
— first indication of the catastrophe, 82 
— hccounCtof Pliny the Voungoi-, 85 
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Veta madre, silver mine of, 247, 301 
Victorm, colony of, 290 
— gold-fields of, 294 
Yillaroel, Don Jos4, liis silver mine of 
the Corro di Potosi, 309 
' eruptions on 


- disappearance of a mountain at, 68 
Virgil. tomb of, 242 

•— belief in his incantations, 242 
V.jgotlis of Spain, their gold coins. 


‘^‘'^rl>onic acid gas springs of the. 


Vivians copper-work-a at Swansea, 321 
\ oleanoes, heat required fpr the produc- 
tion of the lava of the, ’33 

— extent of the action of, 33 
important part played by steam in 

volcanic phenomena., 41 

— extinct and active vohanoes, 63 

— their shapes and heights, 53, 54 

— their craters, 54 

— desolation near them, 64 

— dimensions and heights of various 

craters, 54 

— dangers of crater explorations, 65. 

56 ^ 

• lakes in the craters of extinct vol- 
canoes, 67 

— line of demarcation between active 

and extinct volcanoes, 68 

— volcanoes still constantly forming, 68 

— submarine volcanoes, 69 

— formation of volcanic islands, 69 

— number of known volcanoes, 60 
— ' unequal distribution of, 61 

■ — in a constant state of activity, 61, 62 

— steam-jets, or fumaroles, 63, 74 

— phenomena of volcanic eruption, 65 

— stoiies and ashes thrown out, 65 

— explosion of cones, 67 

— disastrous effects of showers of sand, 

piimic, and lapilli, 68 

— mud-streams formed, 69 

— torrents formed hy melted snow, 69 

— formation of fiery streams of liquid 

lava, 70 

— parasitic cones of eruption, 70 

— wooded volcanic craters, 71 

— lihenomena attending the flow of a 

lava-stream, 72, 73 

— effect of the meeting of lava and the 

sea, 73 

— and of lava and of ice, 74 

— vast dimensions of lava-streams, 75, 

76 


— waste of desolation in lava-fields, 77 

— considered as safety-valves, 78, 79 

— probable causes of. 79. 80 

— destruction of Hercuiuneum and Pom- 

peii, 81-§^ ^ 


Volcanoes— cmzhhiued. 

— mud-volcanoes, 93-96 

— formation of volcanic eaves, 146-148 
Volterra, alabaster of, 468 

Vultur, Mount, beauty of the forest 
scenery round the eiinct craters ofl 


W 29^ 

— lead mines of, 366 

— time required for the formation of the 

coal-fields of South, 397 

— their superficial extent, 405 
the coal-fields of North, 403 

~ number of pits in the South, 


— ^ate of quarries of North, 469 
hew South, copper mines of, 329 

— coal-fields of, 424 

Walker collieiy, on the Tjne, disaster in, 
prevented, 282 ’ 

Wallsend colliery, drowned, 273 

^*278^^^ ““ide to work a part of it, 

Waulockhead, lead mines at, 366 
Warburton, his description of tlie rock- 
temple of Ipsamboul, 184-1 86 

— his visit to the tombs of the Pharaohs 

at Thebes, 202-204 

Wash, evidences of subsidence of the 
land on the shores of the. 37 
Washoe silver mine 314 
Water, its eternal strife with fire, 1, 2 

— the waters of the Cambrian or Si- 

lurian ocean, 11 

— made pure by the earth, 

water of springs, 

— subterranean distribution of tliewaters 

39 

— hydrostatic laws regarding the flow of 

sprinffs, 40, 41 

— Bunsen’s theoiy of the Geysirs, 47 

— geological phenomena favouring the 

production of thermal springs, 43 

— geysirs of Iceland, 45-48 

— Arlesian wells, 48-52 

— effect of the meeting of a lava-stream 

and the sea, 73 

— movements of the sea in earthquakes. 

107 

— action of water in hmestone caves, 1 38, 

139 


— and in forming marine caves, 142 
Water-spouts of caverns in the Skerries, 

^ 146 

— in mines, 269 

— modes of draining, 269 
Waterfall, a subterranean, 153 
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"Watt, 'James, Ms invention and- its im- 
portance in iron manufactnre, 351 
Wear, importance of the river, 407 
Wermlund, iron manufactnre of, 360 
Westphalia, coal-fields of, 405 
Wheal Cock, copper mine of, 319 
Wheal, Edward, Cornish copper mine of, 
319 ■ 

Wheal Vor, rise and fall of the tin mine 
of, 339 

Whitehaven coal-hasin, extent of the, 
407 

— excavations under the sea at the, 
>410 

Wliite-lead manufacture of the Brohl, 89 
White-lead, how made, 365 
Wicklow, lead mines of, 366 

— iron pyrites of, 447 

Wielitzlm, salt mines of, 262, 433-435 

— method of descending the, 253 

— accident in the, 435 
Wiesbaden, hot springs of, 43 
Wind-grottoes, 198-200 

— fables respecting, 199 
Wirksworth, ossiferous eaves of, 215, 216 
Wissokaja Gora, the magnetic mountain 

of, 357 

Wolfram, discovery of, 384 
Wollaston, his discovery of palladium, 388 

— and of rhodium, 388 

Wood, Colonel, his discovery of a bone- 
cave at Gower, 228 
Workington Colliery, drowned, 274 
Worship, subterranean places of, 181-183 
Worsley, in Lancashire, subterranean 
canals in, 263 


ZWI 

■yEEEMALIK, massacre by Genghm 
X Khan in the cave of, 272, 273 

— visit to the cave, 173 

— as a natural ice-cave, 197 
York, New, copper mines of, 328 
Yorkshire, lead mines of, 866 


Z ACATECAS, silver mine of, 302 

Zealand, New, effects of the earth- ^ 
quake of 1855 in upraising Jand, 111 
— maare, or^“teriform hollows of, 132 
— the Apteryx australis of, 216 
— the gigantic Moa of, 216, 217 
— Professor Owen’8.memoir and skoloton 
of the bird, 2^7 

— ossiferous Caves of the country, 218 
— gold-fields of, 293 
— vegetation of, similar to that of the 
coal-fields, 395 
— coal-fields of, 424 

Zellerfeld, great adit levels of the mines 
of, 270 

Zepeda, Don BarnohiS de, his discovery of 
the silver vein of Catoree, 303 ’ | 

Zeus, Olympian, Phidias’ ivory and gold 
stixtuo of, 286 '' ' 

Zinc, not known to the ancients, 380 
— production of, 180, 181 
— the chief zinc producing countries, 381, 
382 

Zircon, the, 492 i 

Zoroaster, religion of, restored by tlip' 
Sassanides of Persia, 92 
Zwickau, in Saxony, burning mine at, 283 ■ 
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